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HARELIP  AND  CLEFT  PALATE* 

G.  B.  NEW 


Harelip  and  cleft  palate  are  congenital  malformations  due  to  the 
failure  of  union  of  the  parts  that  form  the  lip  and  tbe  palate.  The 
palat«  is  formed  from  the  globular  and  the  maxillary  processes  of  the 
mandibular  arch;  the  lip  is  formed  from  the  globular,  the  lateral  nasal, 
and  the  maxillary  processes.  While  several  theories  have  been  advanced 
for  the  lack  of  fusion  of  these  parts,  no  definite  cause  seems  to  be  known. 

Heredity  may  have  some  bearing  on  the  condition,  since  in  a  small 
percentage  of  cases  a  hereditary  tendency  to  deformities  is  noted  in 
families.  Sometimes  a  parent  and  child  are  deformed,  and  again,  dif- 
ferent children  in  the  same  family  may  have  harelip  and  cleft  palate. 
In  14  per  cent  of  the  cases  of  harelip  and  cleft  palate  seen  in  the  Mayo 
Clinic  there  is  a  family  history  of  the  occurrence  of  the  condition.  In 
4  per  cent  a  brother  or  sister  has  a  harelip  or  cleft  palate,  and  in  10  per 
cent  the  parents  or  ancestors  have  been  so  deformed.  In  one  family 
three  children  had  harelip  and  cleft  palate. 

Many  types  of  both  harelip  and  cleft  palate  are  seen.  The  Hp  may 
be  fissured  on  one  or  both  sides,  and  there  are  all  grades  of  deformity. 
In  a  sUght  deformity  the  musculature  of  the  lip  may  be  thinned  out,  a 
groove  being  formed  from  the  nostril  to  the  vermilion  border,  with  a 
slight  notch  in  the  lip,  or  there  may  be  a  complete  unilateral  harelip 
with  flattening  on  one  side  of  the  nostril  and  separation  of  the  alveolar 
process.  The  double  complete  harelip  presents  a  marked  deformity  in 
which  the  nostrib  are  flattened.  The  filtrum  and  the  premaxilla  extend 
forward  and  are  attached  to  the  tip  of  the  nose.  The  palate  also  may 
vary  in  the  type  and  the  extent  of  the  cleft.  The  alveolar  process  may  be 
notched,  or  the  cleft  may  extend  completely  through  the  hard  and  soft 
palates;  the  uvula  may  be  bifid  or  the  soft  palate  may  be  cleft.  The 
parts  of  the  palate  may  he  widely  separated,  as  seen  in  a  double  cleft 
palate. 


ey  Google 


:4-.  ..'   ■    ",•'      _'     '  G.    B.    NEW 

The  age  at  which  the  child  with  a  harelip  and  cleft  palate  should  be 
operated  on,  and  the  operation  which  should  be  done  first,  are  much 
debated  questions  amou);  tlie  various  men  performing  tliese  operations. 
Moreover,  there  are  many  types  of  operations  for  these  deformities. 
I  will  not  attempt,  at  this  time,  to  discuss  the  advantages  and  disad- 
vantages of  different  methods,  but  I  will  describe  the  procedure  which, 
with  slight  minor  modi6cations  from  time  to  time,  has  been  employed 
for  many  years  at  the  Mayo  Clinic. 

We  prefer  to  close  the  lip  first  when  the  child  is  between  three  and 
four  months  old,  if  he  is  gaining  weight  and  doing  well.  <'hildren  are 
operated  on  earlier  than  this,  but  results  are  not  so  satisfactory.  Prom 
three  or  four  days  to  a  week  Iteforc  the  oi)eration  the  child  should  be  fed 
with  a  spoon  or  dropper,  to  accustom  it  to  this  method  of  feeding,  since, 
of  course,  after  the  operation  it  is  not  allowed  to  nurse  from  the  bottle 
or  the  breast.  When  there  is  a  cleft  of  the  alveolar  process,  as  in  the 
complete  single  harelip,  the  lip  is  brought  together  over  it,  hut  no  attempt 
is  made  to  approximate  the  alveolar  process.  The  same  procedure  is 
used  in  the  treatment  of  the  premaxilla.  In  a  case  of  double  harelip 
the  lip  is  brought  together  over  the  premaxilla  and  its  normal  rounded 
appearance  is  maintained.  If  the  alveolar  process  is  forced  back  in  the 
single  harelip,  or  if  the  premaxilla  is  removed  in  the  double  harelip,  or 
a  wedge-shaped  piece  is  taken  out  of  the  vomer  and  the  premaxilla 
forced  back,  the  lip  will  be  flattened  and  it  will  be  almost  impossible 
to  correct  the  deformity.  When  united,  the  lip  gradually  presses  back 
the  alveolar  process  or  premaxilla  into  its  normal  position,  giving  the 
normal  rounded  contour  to  the  face  and  the  correct  alinement  to  the 
teeth. 

A  sati.sfactory  cosmetic  result  is  obtaine<]  only  when  the  nostril  has 
been  shaped  to  correspond  to  the  normal  side.  To  do  this  tlie  nostril 
should  be  made  a  little  smaller  than  .seems  l>est  at  the  time  of  the  opera- 
tion, since  the  cartilage  tends  to  spread  a  little  within  a  few  days.  It  is 
also  essential  that  a  line  drawn  underneath  the  a.\te  of  both  nostrils  shall 
be  at  right  angles  to  the  midline  of  the  face.  The  vermilion  border  must 
present  a  continuous  line  without  a  notch,  and  there  must  be  us  little 
scarring  as  po.ssihle  on  the  outside  of  the  lip.  To  prevent  the  scarring 
it  is  liest  to  avoid  tension  sutures  which  pass  through  the  skin  on  the 
outside  of  the  lip.  The  lip  and  cheek  on  both  sides  should  lie  well  freed 
from  the  underlying  bone,  so  they  will  fall  together  readily  without 
tension. 


ey  Google 


HARELIP  AND   CLEFT   PALATE  5 

The  time  for  closing  the  palate  is  when  the  child  is  from  a  year  to  a 
year  and  a  half  old,  before  it  has  begun  to  talk.  Many  operations  are 
performed  much  later,  however,  with  quite  good  functional  results. 
Adults  from  twenty  to  thirty  years  of  age  have  had  their  palates  closed, 
and  the  functional  results  have  been  very  good.  If  the  lip  has  been  ap- 
proximated at  the  proper  age,  the  alveolar  process  will  have  become 
approximated;  the  cleft  of  the  rest  of  the  palate  will  thus  be  narrowed 
and  made  easier  to  close. 

The  edge-to-edge  approximation  or  the  Langenbeck  operation  is  the 
operation  of  choice  for  the  closure  of  cleft  palates.  With  this  method  as 
much  of  the  palate  is  approximated  as  may  be  accomplished  without 
tension  at  the  one  operation,  the  remainder  being  closed  later  either  by 
an  edge-to-edge  method  or  by  turning  a  llap.  Failures  are  frequently 
due  to  the  attempt  to  close  too  much  of  the  palate  at  one  time,  in  such 
cases  tearing  out  of  the  stitches  results.  When  the  palate  begins  to  pull 
out  with  tension,  the  tear  may  often  extend  into  the  part  of  the  palate 
that  would  otherwise  have  held  together.  It  is  sometimes  possible  to 
close  a  soft  palate  with  the  edge-to-edge  approximation  method,  but  the 
hard  palate  may  require  a  flap  operation.  We  do  not  like  to  use  the  flap 
method  primarily  except  in  certain  wide  clefts,  usually  double  clefts 
that  camiot  be  closed  satisfactorily  in  any  other  way. 

It  would  seem  that  the  most  important  factor  necessary  to  success 
in  operations  on  cleft  palates  is  a  thorough  knowledge  of  the  blood 
supply.  In  making  the  lateral  incision  it  is  essential  that  they  be  made 
as  close  as  possible  to  the  teeth  or  to  the  alveolar  process  so  that  the 
main  branches  of  the  great  palatine  artery  may  not  be  injured.*  It  is 
also  necessary  to  thoroughly  free  the  mucoperiosteal  flaps.  In  doing 
this  the  posterior  margin  of  the  hard  palate  must  be  freed  from  the  soft 
palate  so  that  the  two  portions  of  the  palate  may  be  approximated  with- 
out tension. 

In  closing  a  cleft  of  the  soft  palate  the  same  principles  hold  good  as 
are  used  in  closing  the  complete  cleft  palate.  Also  in  these  cases  the 
posterior  margin  of  the  hard  palate  should  be  freed  from  the  soft  palate. 

Technic  of  Haheup  Operation 
The  child  is  anesthetized  with  ether  by  the  drop  method,  and  is 
kept  asleep  with  chloroform  administered  on  a  gauze  sponge.     Older 
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Fig.  1.— A,  Till  olipm  dcIcrmiDing  the  Irn^li  at  lip  on  ritbn  lidt  id  J  tbr  paints  an  tbc  vermilion  bordrr 

cUmpi  on  rillirr  lidc  ot  IIit  lip  to  luntrol  blmlinK.    C.  First  lillmann-iiul  suture  iniFrtnl  From  tfar  iniidc.    It 
Aon  not  pu>  Ihrougli  the  skin,     D,  hint  lilkironn  luturt  tint,  approi limiting  the  noatril.    Tbe  sHond  silli- 
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children  are  given  ether  vapor  through  a  cannula  at  the  side  of  the 

mouth. 

In  operating  on  the  single  harelip  a  point  is  selected  on  the  median 

portion  of  the  lip,  at  the 

vermilion    border,    where 

the  lip  should  join  the  op- 
posite portion.     The  loca-  p 

tion  of  this  point  depends 

on  the  type  of  the  lip  as  re- 
gards its  thickness  and  the 

amount  of  tissue  present, 

and  on  the  experience  of 

the  operator-   A  small  nick 

is  made  with  a  knife  in  the 

skin  at  this  point.  Calipers 

are  then  used  to  measure 
the  distance  from  here  to 
just  inside  the  ala  of  the 
noseoQ  thesameside.  This 
distance  fixed,  one  point  of  , 

the  calipe^is  placed  just  in- 
side the  ala  of  the  nose  on 
the  outer  side,  and  the 
other  point  at  the  vermil- 
ion border.  In  this  way 
the  points  of  the  vermilion 
border  which  are  to  be  ap- 
proximated are  definitely 
fixed,  and  the  two  margins 
to  he  approximated  are 
made  the  same  length. 
Thompson,  I  believe,  was 
the  first  to  suggest  the  use 

of  the  calipers  for  the  pur-  Fig.  *.— F.  TI»  lowrr  llnn  >haw  appnninutrly  wfacrr  the 

pose  of  measuring  defi-  ibt'uiiii(«oith»ii'p»rongtEt.iituttiin*.iniiiir«ii(tipouiii« 
nitely  the  free  margins  to 

be  approximated.  A  curved  incision  is  made  through  the  skin  on  either 
side,  the  mucocutaneous  border  being  pared  from  immediately  within 
the  nostril  down  to  the  fixed  points  on  the  vermilion  margin.     The 
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parings  are  left  long,  and  their  ends  are  Bxed  with  small  stomach  clickers. 
The  use  of  traction  and  pressure,  applied  on  either  portion  of  the  lip, 
along  with  small  clamps  applied  about  an  inch  back  from  the  freshened 
margin,  is  the  best  method  of  controlling  bleeding.     It  is  essential  that 


Fig.  Sm.— (IBHII.)      Kamr    u    Tig.  1  tStrr  open- 


the  lip  portions  on  either  side  should  be  well  freed  from  the  bone  so  that 
the  two  portions  fall  together  quite  readily,  but  it  is  not  advisable  to 
cut  into  the  septum  to  do  this. 

Tension  sutures  of  silkworm  are  used.     The  first  suture  is  placed  just 
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inside  the  nostril,  being  passed  in  through  the  mucous  membrane  and 
brought  out  beneath  the  skin  on  the  outer  portion  of  the  lip,  just  inside 
the  ala  of  the  nose.  It  is  then  put  in  again  just  beneath  the  skin  and 
passed  out  through  the  mucous  membrane  on  the  central  portion  of  the 


i^tiy  Doldi  UMJ  OiIUd 


Im,— (181130.)     SimeuRg. 


cy  Google 


10  G.    B.    NEW 

lip,  close  to  the  septum.  When  this  suture  is  tied,  the  flattened  nostril 
is  rounded  up  into  shape.  Two  silkworm  sutures  are  used  to  approxi- 
mate the  lip  and  these  are  tied  on  the  inside  of  the  lip.  As  they  do  not 
pass  through  the  skin  there  is  no  scarring  from  the  tension  sutures. 
Horsehair  sutures  are  used  to  approximate  the  skin.  After  the  upper 
two-thirds  of  the  lip  is  approximated,  the  surplus  of  the  pared  edge  is 
trimmed  oS  and  the  lip  closed  with  horseh^r.  In  order  to  avoid  an 
unsightly  notch  it  is  necessary  to  leave  a  little  excess  of  tissue  at  the 
lower  part  of  the  vermilion  border  so  that  the  lip  pouts  a  little.  This 
is  best  accomplished  by  leaving  the  parings  long  until  most  of  the  lip  is 
closed,  when  one  is  better  able  to  judge  how  much  should  be  excised 
(Figs.  1.  2,  3,  3a,  4, 4a,  5,  5a,  5b,  and  5c). 

Technic  or  Cleft  Pai^te  Operation 
After  the  child  is  anesthetized  the  head  is  brought  over  the  end  of 
the  table  and  allowed  to  rest  in  the  lap  of  the  operator,  who  sits  on  a 
stool  at  the  end  of  the  table.  A  Whitehead  mouth-gag  is  used,  and  with 
a  tongue  depressor  the  tongue  is  lifted,  giving  a  good  exposure  of  the 
palate. 

In  closing  a  single  cleft  palate  an  incision  is  made  on  either  side  close 
to  the  alveolar  process  or  teeth,  and  carried  down  to  tlie  bone.  It  is 
just  long  enough  to  admit  a  thin,  blunt  periosteal  elevator.  By  keeping 
the  incision  close  to  the  alveolar  process  or  teeth  the  posterior  palatine 
artery  is  avoided.  Injury  to  this  artery  may  interfere  with  the  blood 
supply  of  the  flap. 

With  a  periosteal  elevator  the  mucoperiostcum  is  elevated  over  the 
entire  hard  palate  down  to  the  cleft.  W'ith  a  scissors  the  soft  palate 
is  liberated  from  its  attachment  to  the  posterior  margin  of  the  hard 
palate,  and  the  entire  mucoperiosteum  of  the  palate  margin  is  freed  as 
much  as  possible.  The  soft  palate  is  attached  to  the  hard  palate  margin 
by  the  palatine  aponeurosis,  and  there  is  no  danger  of  cutting  any  im- 
portant vessels  at  this  point.  The  freeing  of  the  posterior  margin  of 
the  hard  palate  from  the  soft  palate  is  very  important  either  in  closing 
a  cleft  of  the  soft  palate  or  in  a  complete  cleft  palate,  since  it  is  advisable 
to  sever  this  aponeurosis  in  order  to  approximate  the  margins  of  the 
palate.  The  mesial  margins  of  both  sides  of  the  palate  are  freshened  by 
fixing  the  uvula  with  a  stomach  clicker  and  trimming  the  mucous  mem- 
brane from  the  free  margin  with  a  scissors  or  knife.  The  procedure  is 
begun  posteriorly  and  extended  forward. 
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Silk  sutures  are  used,  the  first  one — a  mattress  suture — being  placed 
at  the  juncture  of  the  hard  and  the  soft  palates.  From  this  point  the 
Pest  of  the  soft  palate  and  uvula  is  closed  by  interrupted  sutures  along 
the  oral   and  nasal  mucous  membrane.     By  leaving  the  ends  of  the 


GrDOLt 
palotlae 


Bvan-cKss  to  ^' 

soft     po-late  Branch.     a.7va.8tOTn.08i.n,  j 

tLivd  ton.siL  v.i.th.   asccudiix^    palatitie  a. 

Fif.  & — Blmd  ■uppi]'  of  the  p«Ul«.     NdIf  11k  rtlHtion  nS  thr  ffrril  pftl«tin(  artery  la  the  dvnlAr  procw.  >1» 

sutures  long  and  fixing  them  with  forceps  as  they  are  put  in  the  uvula 
is  brought  up  into  the  mouth  and  the  insertion  of  the  sutures  is  made 
easier. 

The  completion  of  the  closure  of  the  hard  palate  is  accomplished  by 
mattress  sutures,  usually  two,  and  occasionally  an  interrupted  suture. 


DigmzocbyLiOOgll 


1«  O.    B.    NEW 

It  is  best  not  to  use  too  many  sutures  in  approximating  the  margins  of 
the  palate:  if  the  tissues  have  Ijeen  thoroughly  freed,  they  usually  come 
together  of  themselves.  If  it  is  necessary  to  employ  the  flap  method  to 
close  part  of  the  palate,  the  te<'hnic  employed  by  Lane,  or  that  of  turning 
a  flap  and  suturing  it  under  the  opposite  aide  of  the  palate  with  mattress 
sutures,  is  used  (Figs,  6,  7,  and  8). 


urttK    a5i?on.dmtf   palu-tin*     a.. 

Fit.  T.— Bluod  luppl/  ot  the  paUtt.     Notr  Ibr  pniLiun  of  Ibr  (rent  paliitiar  nrlrry  intl  id  muxtDmuii. 
POSTOPEHATIVE   CaHE 

Following  the  operation  for  harelip  a  strip  of  adhesive  plaster  is 
placed  across  the  cheeks  over  the  nostril,  and  another  one  across  the 
cheeks  over  the  chin,  in  order  to  relieve  the  tension  on  the  sutures  in  the 
lip.  Horsehair  stitches  in  the  lip  are  removed  in  about  four  days  and 
silkworm  stitches  in  about  a  week.     In  cases  of  cleft  palate  the  patients 
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are  not  allowed  to  have  anything  but  fluids,  which  are  given  with  a  spoon 
or  a  dropper.     The  sutures  usually  slough  out,  but  if  some  remain  at 


iule  Ihrauah  incL.ion  [n  Mlv«>lnr  proc- 
II-  ii>fl  luOklr.     C.  Pujng  thf  mt-inl 

n  of  tbr  uvuIr.     E,  Suit  paliill  <^ini|>lrtnl.     ¥.  The  plilHtf  rnmpktni.     .Mnt- 


the  end  of  ten  days  or  two  weeks  and  the  child  is  leaving  for  home,  they 
are  removed. 
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G.  B.  NEW 

Cartilaginous  tumors  of  the  larynx  occur  but  rarely:  only  38  cases 
have  been  reported  in  the  literature.  In  1900  Alexander  reported  29 
cases  tabulated  since  1834,  and  in  1909  Mansfeld  reported  9  cases.  In 
addition,  I  have  been  able  to  collect  8  cases  from  the  literature  and  1 
of  ray  own.  making  47  in  all.  In  3  of  Alexander's  cases  there  was  general 
hypertrophy  of  one  or  more  cartilages  of  the  larynx;  it  seems  question- 
able, therefore,  whether  these  cases  should  be  classified  with  true 
laryngeal  tumors. 

The  first  case  report  was  published  by  Froriep  in  1834.  In  this  case 
a  large  cartilaginous  tumor  on  the  left  side  of  the  larynx,  a  smaller 
tumor  below  the  cords  on  the  right  side,  and  a  third  on  the  anterior 
surface  of  the  posterior  part  of  the  cricoid  cartilage,  were  found  at  post- 
mortem. After  the  introduction  of  the  use  of  the  laryngeal  mirror  in 
1859,  many  laryngeal  tumors,  previously  considered  rare,  were  noticed, 
and  the  first  clinical  case  was  reported  by  TUrck  in  1863.  The  patient 
died  the  day  following  the  examination,  and  at  necropsy  a  tumor  of  the 
cricoid  cartilage  was  found.  In  1888  Bruns  collected  10,747  case  re- 
ports of  laryngeal  tumors  and  found  only  14  cases  of  cartilaginous  tumors. 
The  first  work  of  importance  on  cartilaginous  tumors  of  the  larynx  was 
not  brought  out  until  1900,  when  Alexander's  very  thorough  study  on 
the  subject  was  published. 

Virchow  classified  such  tumors  as:  (1)  Ecehondromas,  that  is,  car- 
tilaginous tumors  that  are  an  outgrowth  of  the  mother  substance,  like 
the  branch  of  a  tree,  and  do  not  invade  the  original  tissue,  and  (2)  en- 
chondromas  which  develop  from  a  non>cartiIaginous  matrix.  If  this 
classification  is  accepted,  all  cartilaginous  tumors  of  the  larynx  would 
be  classified  as  ecehondromas,  as  they  all  originate  in  preexisting  car- 
tilage. Alexander  accepted  the  term  ecchondroma  as  defined  by  Vir- 
chow and  added  four  other  groups  of  tumors:    (1)  Chondromas,  true 

*  Pi¥senl«^  as  a  candidnte's  the^s  to  the  .American  Laryngolngical,  Rhinological  aod 
Otulogical  SociHy,  1917.    Reprinted  from  The  Laryngoscope,  1918,  xxviii. 
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neoplasms  invading  the  mother  substance  from  which  they  originated 
and  which  in  most  cases  are  malignant;  (2)  mixed  tumors,  tumors  made 
up  of  different  tissues,  i.  e.,  fibro-enchondromas,  myxochondromas, 
chondrosarcomas,  and  chondromyxomas;  (3)  inflammatory — in  this 
group  but  one  case  of  questionable  etiology  was  reported,  and  (4)  gen- 
eral hypertrophy  of  one  or  all  the  cartilages  of  the  larynx — three  cases 
are  noted  in  Alexander's  statistics  but  none  since. 

It  would  seem  that  in  the  classification  of  cartilaginous  tumors  of 
the  larynx  the  terminology  should  designate  whether  the  tumor  is  be- 
nign or  malignant.  A  ehondromyxoma  may  be  benign  or  malignant, 
but  the  name  would  not  indicate  this  fact.  A  terminology  indicating 
the  combined  microscopic  and  clinical  conditions  would  be  ideal,  but  un- 
til there  is  such  a  classification  I  shall  accept  that  given  by  Alexander. 
The  followtDg  is  the  report  of  a  case  of  chondroma  of  the  thyroid  and 
cricoid  cartilages: 

P.  E.  O.  (140068),  male,  aged  forty-four  years,  a  farmer,  was  examined 
September  1,  1915.  He  had  had  diphtheria  thirty  years  previously 
and  typhoid  twenty-two  years  previously.  There  was  no  history  of 
specific  disease.  He  complained  chiefly  of  having  been  hoarse  for  four 
years.  When  twenty-one  years  of  age  (twenty-three  years  previously) 
he  was  hit  by  a  baseball  on  the  right  side  of  the  neck,  over  the  larynx. 
For  a  short  time  talking  pa'med  him,  but  he  was  never  hoarse.  Follow- 
ing a  cold  he  noticed  a  lump  on  the  outer  side  of  his  neck.  This  was 
never  sore  nor  tender.  One  year  previous  to  the  present  examination 
he  consulted  a  physician,  but  nothing  was  done  until  six  months  later, 
when  his  home  physician  performed  a  tracheotomy  on  account  of  an 
attack  of  dyspnea.  No  other  treatment  was  given.  There  was  no  loss 
of  weight;  no  dysphagia.  Although  his  voice  was  husky,  he  could  make 
himself  understood  by  plugging  the  tracheotomy  tube  with  his  finger. 

Examination. — In  the  external  examination  of  the  neck  a  tumor  was 
found,  1.5  by  1.5  inches  in  size,  and  extending  to  the  right  from  the  mid- 
line; its  upper  limit  was  one  inch  below  the  upper  margin  of  the  thyroid 
cartilage.  It  was  rounded  in  outline,  bony,  hard,  and  fixed  to  the  side 
of  the  larynx;  the  skin  covering  it  was  normal.  The  tracheotomy  tube 
was  in  place.  In  examining  the  larynx  the  right  cord,  the  false  cord,  and 
aryteno-epiglottic  fold  were  found  displaced  toward  the  midline,  a  small 
slit  being  left  for  the  pmssage  of  air.  The  tumor  could  be  seen  bulging 
on  the  right  side  of  the  larynx  and  covered  by  mucous  membrane  normal 
in  appearance.  The  roentgen  and  general  examinations  were  negative. 
The  examination  other  than  the  laryngeal  findings  was  negative.  Diag- 
nosis: Cartilaginous  tumor  of  the  larynx  (Figs.  9  and  10). 

On  September  4,  1914,  an  operation  was  performed  under  novocain 
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anesthesia  (E.  S.  J.).  An  incision  to  tlie  ri(;ht  of  the  midline  exposed  the  ' 
rounded  hard  tumor,  which 
was  found  to  have  invaded 
tlie  thyroid  and  cricoid  carti- 
lages and  the  upper  part  of  the 
trachea.  Immediate  micro- 
scopic examination  of  the  tis- 
sue {frozen  section)  showed 
tlie  ({Towth  to  be  a  chondroma 
(Fig.  11).  The  tumor  could 
have  l)een  shelled  out,  but  as 
this  would  have  necessitated 
a  large  opening  into  the  larynx 
and  trachea,  which  would  de- 
stroy the  voice,  it  was  thought 
l>est  to  leave  a  thin  shell  of 
the  tumor  and  remove  entirely 
theouterpart,  the  more  radical 
operation  to  bei)erformed  later 
should  the  condition  recur. 
1"he  wound  was  clo.sed  prim- 

KiK  s    (iwosn  I   rbondromi. of  thr  iirvni    Riihi  wir      ""ly  "'^1'  *  small  pack  in  the 
irfthrmidUwofii"!..  lower  portion.    The  convales- 

cence was  favorable  and  the 

patient  was  discharged  almut  two  weeks  after  the  operation.     When  he 

returned  for  examination  April  6,  1!)16,  there  had  l>een  no  change  in  the 

voice  and  no  sign  of 

the  return  of  the  tu- 
mor. Externally,  the 

neck     was     normal 

except  for   the  scar 

and  the  tracheotomy  igUittiS; 

tul»c.       The    larynx 

was  in  the  .same  con- 
dition as  t>efore  the 

O|)enition,        except 

that  there  was  more 

room  for  the  )»issage 


^^_^_^_^  „  Tumor 
of  nir. 


Ktlologi/.  —  \oth-  _ 

ing  definite  .seems    to        *''K   lO-  -IM-I-Ih.-™'!!!  of  IW  risM  -lU-  ot  lj.t)HI,     Our  l..  rbnnilromi  ol 

l>e  known  regarding 

the  etiologj'  of  these  cartilaginous  tumors.    Several  hypotiieses  have  Ixvn 

a«lvanced,  but  none  is  Ixtrne  out  by  the  facts.     Kertoye  has  suggested 
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that  the  tumors  are  in  some  way  associated  with  ossification  of  the  car- 
tilage of  the  larynx  which  begins  during  the  fifth  decade.  Alexander,  in  his 
tabulation,  cites  the  cases  of  7  patients  under  forty  years  of  age;  Mans- 
feld  cites  3  cases,  and  I  have  been  able  to  collect  i,  making  12  of  a  total 
of  47  in  which  the  tumor  was  present  in  patients  under  forty  years  of 
age.  This  would  not  seem  to  substantiate  Bertoye's  theory.  Eppinger 
thought  that  possibly  the  cartilage  proliferation  occurring  about  the 
joints  at  times  might  be  analogous  to  cartilaginous  tumors,  hut  the  fact 
that  the  tumors  appear  on  the  solid  portion  of  the  larynx,  away  from  the 


Fig.  11.— (ItOBBB.l     Crtilupnoia  lumor  at  the  iKyni  (pbotomiciogniplll. 

movable  parts,  does  not  verify  this  assumption.  The  question  of 
chronic  inflammation  as  a  factor  has  been  considered,  but  there  are  not 
sufficient  data  to  establish  such  etiology. 

My  patient  gave  a  history  of  injury  of  the  side  of  the  larynx  by  a 
blow  from  a  ball  nineteen  years  before  the  onset  of  hoarseness,  but 
whether  or  not  the  injury  was  a  factor  in  the  etiology  of  the  tumor  is  not 
known.  However,  this  case  seems  to  be  the  only  one  in  the  literature  in 
which  the  etiologic  factor  of  trauma  might  be  considered.  It  is  probable 
that  until  we  discover  the  cause  of  tumors  in  general  we  shall  not  de- 
termine the  etiology  of  cartilaginous  tumors  of  the  larynx. 
'17—3 
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Symplomatology.—'SloK  than  half  of  the  cases  found  in  the  literature 
occurred  in  the  fifth  and  sixth  decades,  although  one  case  was  reported 
of  a  girl  seventeen  years  of  age,  and  5  cases  that  occurred  in  the  seventh 
decade.  Most  of  the  patients  were  men;  only  6  women  have  been  noted. 
The  symptomatology  of  these  tumors  is  due  to  interference  with  the 
function  of  the  larynx,  either  respiratory  or  vocal,  and  interference  with 
swallowing.  The  symptoms  are  variable  and  depend  on  the  location  of 
the  tumors,  their  size  and  their  rate  of  growth.  Hoarseness  is  usually 
an  early  symptom,  but  if  the  tumor  is  on  the  epiglottis  or  the  arytenoid 
and  does  not  interfere  with  the  cords,  this  symptom  will  not  be  noticed. 
The  same  is  true  when  the  tumor  is  on  the  cricoid  and  entirely  sub- 
glottic. Boos,  in  1910.  reported  a  case  of  subglottic  tumor  in  which  there 
were  marked  symptoms  of  dyspnea  for  five  months,  but  no  hoarseness. 
In  the  case  of  a  tumor  of  the  thyroid,  hoarseness  is  usually  an  early 
symptom  unless  the  tumor  extends  externally,  in  which  case  laryngeal 
symptoms  are  noted  late. 

Respiratory  difficulty  is  dependent  on  the  size  of  the  tumor  and  the 
rate  of  the  growth.  Very  large  tumors  may  be  present  in  the  larynx, 
and  the  breathing  space  may  be  surprisingly  small,  but  on  account  of 
the  slowness  of  growth  the  symptoms  of  respiratory  obstruction  are  not 
marked.  A  rapidly  growing  tumor  causes  pronounced  symptoms. 
Cricoid  tumors  that  usually  spring  from  the  posterior  surface  of  the 
anterior  part  of  the  cartilage  cause  respiratory  difficulties  early,  because 
of  their  location.  Tumors  involving  the  cricoid,  as  in  Bolms'  case  and 
Moure's  second  case,  may  cause  difficulty  in  swallowing  if  they  extend 
toward  the  esophagus.  Boerger's  patient  (Mansfeld's  group)  swallowed 
with  difficulty  for  five  years  and  was  hoarse  for  a  shorter  period.  Bolms' 
patient  gave  a  history  of  an  external  tumor  of  the  neck  for  one  year, 
hoarseness  for  six  months,  and  dysphagia  for  three  months.  With  the 
larger  tumors  there  is  a  sense  of  fullness  and  pressure,  and  in  some  in- 
stances the  patient  makes  a  heaving  noise  described  as  resembling  the 
inspiratory  spasm  of  whooping-cough.  Three  patients  (those  of  Proriep, 
TUrek,  and  Pretelle,  reported  by  Alexander)  died  of  dyspnea.  Many 
patients  have  had  to  have  emergency  tracheotomies. 

Locations  of  tumors. — In  my  group  of  nine  cases  (eight  from  the 
literature  and  one  personal)  the  cricoid  was  involved  in  eight,  the  thy- 
roid in  two,  and  the  arytenoid  in  one.  As  in  Moure's  and  Daure's 
patient  and  in  mine,  the  thyroid  and  cricoid  were  both  involved;  these 
patients  are  included  in  the  eight  cases  of  the  cricoid  group  and  the  two 
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cases  of  the  thyroid  group.  In  one  of  Garel's  two  c&ses  the  tumor  was 
probably  an  ecchondroma,  but  as  this  is  questionable,  I  have  designated 
it  as  indeterminate.  The  following  table  shows  the  cartilage  involved 
ID  my  group  of  cases: 

TABLE  1 
Cricoid,  8 

EcchoDdroma I 

CbondromM , fi 

Indetenninate I 

Jdiied 1 

Thyroid.  H 

ChoDdromas S 

Aiyteootd,  1 


The  cartilages  involved  by  the  different  types  of  tumors  in  Alex- 
ander's, Mansfeld's,  and  the  writer's  cases  were  as  follows: 


TABLE  2 
Cricoid.  S4 

Ecchondromas 

Chondromas 

Mixed  tumors 

Indelerotinate 

Thyroid,  14 

Ecchondromai 


Mixed  tumors 2 

Aiytenokl,  i 

Eccbondromas i 

E^i^ottia,  3 

Ecchondromaji 9 

It  will  be  seen  from  the  table  that  the  arytenoids  and  epiglottis  are 
attacked  by  ecchondromas  only,  while  the  cricoid  and  thyroid  cartilages 
may  be  involved  by  any  of  the  types  of  tumors.  The  cricoid  is  involved 
nearly  twice  as  frequently  as  the  thyroid.  Chondromas  or  mixed 
tumors  do  not  involve  the  arytenoids  or  the  epiglottis. 

Objadive  findings. — The  normal  appearance  of  the  mucous  membrane, 
not  alone  surrounding  the  tumor,  but  in  the  entire  larynx,  and  the  absence 
of  signs  of  congestion,  unless  some  temporary  acute  infection  is  present, 
are  characteristic  in  cases  of  cartilaginous  tumors.  The  hardness  felt 
when  touching  the  tumor  with  a  probe  is  different  from  that  of  any  other 
type  of  laryngeal  tumor,  although  in  some  cases,  as  in  the  case  reported 
by  Boos,  the  tumor  is  somewhat  soft.  Cartilaginous  tumors  of  the 
larynx  arise  from  one  of  the  cartilages  of  the  larynx,  so  that  the  location 
of  a  tumor  may  be  of  value  also  in  differentiating  it  from  other  types. 
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An  external  tumor  of  the  neck  fixed  to  the  larynx,  very  bard,  without 
signs  of  inflammation,  would  suggest  a  cartilaginous  tumor.  In  some 
cases  the  roentgen  ray  shows  a  shadow  which  is  of  value  in  making  the 
diagnosis.  The  question  of  malignancy  in  these  cases  is  usually  ruled 
out  without  difficulty,  but  must  be  considered.  The  absence  of  glandu- 
lar enlargement  is  a  charactenstic  feature,  although  this  point  in  itself 
is  of  little  value,  since  other  benign  tumors  have  no  glandular  enlarge- 
ment and  even  epitheliomas  may  exist  for  years  without  metastasis. 
FrSnkel  in  189S  reported  a  case  in  which,  six  months  following  a  radical 
operation  for  chondroma  of  the  cartilage,  two  glandular  swellings  de- 
veloped in  the  neck.  These  were  removed,  and  on  examination  proved  to 
be  "slimy,  softened  chondromatous  glands."  This  is  the  only  ease  re- 
ported in  which  a  cartilaginous  tumor  of  the  larynx  developed  metas- 
tasis. 

Cartilaginous  tumors  of  the  larynx  vary  in  size  from  that  of  a  small 
tumor  on  the  arytenoid  to  that  of  a  tumor  involving  the  thyroid  and 
cricoid  cartilages  and  also  the  upper  rings  of  the  trachea.  The  ecchon- 
dromas  are  usually  the  small  tumors;  the  chondromas  and  mixed  tumors, 
as  a  rule,  grow  to  a  much  larger  size.  The  ecchondromas  grow  slowly, 
while  the  chondromas  are  usually  more  rapid  in  development.  The 
only  safe  way  to  make  an  absolute  diagnosis  is  to  remove  tissue  for  micro- 
scopic examination. 

Hiatopaikology. — Detailed  descHptions  of  the  microscopic  pathology 
of  cartilaginous  tumors  of  the  larynx  are  not  frequent  in  the  literature. 
The  ecchondromas  are  the  same  in  structure  as  the  cartilage  of  the  larynx, 
consisting  of  hyaline  cartilage.     Sometimes  ossification  is  seen. 

In  referring  to  chondromas,  Alexander  states  that  there  is  an  irregu- 
larity in  the  size  and  shape  and  arrangement  of  the  cells,  and  that  the 
cartilaginous  tissue  shows  an  unusual  energy  of  growth.  In  the  older 
tumors,  cyst  formation  may  occur  from  a  retrogressive  change  in  the 
tumor.  Calcification  may  also  be  seen.  The  mixed  tumors  present 
pictures  too  varied  to  permit  a  review  of  their  microscopic  appearance. 
In  regard  to  the  histology  of  inflammatory  tumors  and  the  general  hyper- 
trophy group,  nothing  is  noted  in  the  literature. 

Treatment  and  prognosis. — Small  ecchondromas  may  be  removed  by 
the  endoscope  and  this  seenu  the  method  of  choice,  although  in  some  in- 
stances it  is  necessary  to  do  a  thyrotomy.  The  chondroma  and  mixed 
tumors  present  a  more  difficult  problem.  In  almost  all  cases  of  the  latter 
there  is  some  dyspnea.     Three  patients  of  Alexander's  group  died  of 
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suffocation  before  tracheotomy  could  be  done.  In  coDsidering  the 
operative  treatment  of  these  patients,  it  must  be  remembered  that  the 
voice  should  be  preserved  as  long  as  possible.  If  the  tumor  is  not 
malignant  and  its  remov^  would  destroy  the  voice,  some  conservative 
treatment  is  indicated.  The  end  results  of  cases  in  which  a  radical 
operation  has  been  done  further  impress  this  feature.  However,  if  the 
tumor  is  malignant,  the  most  radical  operation  should  be  done. 

End  results  in  22  cases  of  chondromas  and  mixed  tumors  (Alexander's, 
Mansfeld'a,  and  the  tpriter's  statistics). — Three  patients  choked  to  death 
tnthout  tracheotomy;  one  died  following  tracheotomy.  Fifteen  had 
external  operations  varying  from  complete  laryngectomy  to  thyrotomy 
and  partial  or  complete  removal  of  the  tumor.  One  patient  had  roentgen 
treatment  and  is  reported  "better";  one  had  repeated  endolaryngeal 
operations  with  "good  results";  one  was  not  operated  on  and  the  sub- 
sequent history  is  not  known.  Of  the  15  patients  operated  on,  5  died 
from  pulmonary  complications  shortly  after  operation  and  5  improved 
for  varying  periods  of  time  the  length  of  which  was  not  stated.  One 
patient  was  doing  well  seven  and  one-half  months  after  operation ;  the 
condition  of  two  others  was  good  after  the  operation,  but  the  end  results 
are  not  stated.  In  one  the  condition  "relapsed,"  and  in  the  case  of 
another  the  tumor  was  iacompietely  removed  and  the  results  are  not 
sUted. 
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AN  EPIDEMIC  OF  SEPTIC  SORE  THROAT  DUE  TO 
MILK* 

E.  C.  ROSENOW  AND  C.  L.  V.  HESS 


During  the  early  part  of  March  there  occurred  in  Galesville,  Wb., 
a  town  of  about  1800  inhabitants,  a  sudden  outbreak  of  severe  sore 
throat.  The  symptoms  were  so  severe,  and  the  outbreak  was  so  sudden, 
that  the  authorities  and  physicians  became  alarmed. 

March  12  one  of  us  was  urged  to  investigate  the  epidemic.  The 
symptoms  were  strikingly  like  those  in  the  milk-home  epidemic  of  septic 
sore  throat  which  occurred  in  Chicago  during  the  winter  of  1911-1912, 
studied  by  Capps  and  Miller,  and  Davis  and  Rosenow.  The  relation  of 
the  cases  to  the  milk  supply  was  suspected,  and  pasteurization  or  boiling 
of  the  milk  was  advised  pending  the  investigation.  March  15  *t  had 
become  apparent  that  the  cases  occurred  chiefly  in  families  who  used 
milk  from  a  certain  dairy.  Inspection  of  the  throat  and  microscopic 
examination  of  a  smear  from  the  tonsils  in  the  first  case  recalled  at  once 
the  picture  that  was  observed  in  the  Chicago  epidemic,  namely,  the 
presence  of  much  mucus,  diffuse  redness  of  the  throat,  and  enormous 
numbers  of  diplococci  in  smears.  The  subsequent  examination  from 
house  to  house  of  some  thirty  patients  showed  clearly  that  this  was  not 
an  epidemic  of  ordinary  tonsillitis,  so  prevalent  at  this  season  of  the  year, 
but  one  presenting  the  typical  picture  of  "septic  sore  throat."  In  some 
households  all  members  of  the  family  were  stricken,  from  grandparent 
to  child,  each  being  too  sick  to  care  for  the  others. 

After  an  incubation  period  of  from  one  to  three  days  the  attack 
usually  began  with  a  severe  chill  or  by  several  less  severe  rigors.  This 
was  usually  followed  by  restlessness,  high  fever,  ranging  from  108  to 
105  F.,  intense  aching  of  the  muscles,  extreme  prostration,  great  pain 
on  swallowing,  and  tenderness  on  one  or  both  sides  of  the  neck  due  to 
enlarged  lymph-glands  and  to  the  accompanying  edema  and  infiltration. 
At  first  the  amount  of  inflammation  of  the  throat  was  slight,  considering 
*  Reprinted  from  the  Jour.  Amer.  Med.  Assn..  191T,  Ixviii.  1305-1307. 
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the  severity  of  the  constitutional  symptoms.  Later,  in  the  severe  cases, 
intense  diffuse  hyperemia  and  edema  of  the  pharynx,  tonsils,  and  soft 
palate  supervened.  Small  superficial  ulcers  were  common  on  the  uvula 
and  pillars.  There  was  temporary  edema  of  lips  and  eyelids.  The  pulse 
was  relatively  slow.  The  lips  and  finger-nails  were  blue.  The  acute 
symptoms  lasted  usually  from  three  to  five  days,  but  in  some  the  fever 
became  septic  in  type  as  the  enlargement  of  glands  and  infiltration  in  the 
neck  persisted  for  same  weeks.  Relapses  and  complications  were  com- 
mon. They  occurred  usually  after  the  first  week  or  ten  days  of  illness. 
Erysipelas  of  the  face  and  otitis  media  were  the  most  frequent  complica- 
tions observed.  Pleurisy,  pericarditis,  endocarditis,  arthritis,  peritonitis, 
myositis,  and  synovitis  were  noted.  Symptoms  simulating  acute  rheu- 
matic arthritis,  one  of  the  complications,  were  found  in  most  instances 
to  be  due  to  myositis  and  tenosynovitis.  Pneumonia  and  nephritis 
were  not  observed. 

About  200  persons  were  affected,  of  which  approximately  95  per  cent 
consumed  the  contaminated  milk.  In  some  instances  the  drinking  of 
a  single  glass  of  the  infected  milk  was  followed  within  forty-eight  hours 
by  typical  attacks.*  There  have  been  eleven  deaths,  due  chiefly  to 
erysipelas,  peritonitis,  or  cardiac  complications.  Promptly  after  the 
milk  was  boiled  the  spread  of  the  epidemic  ceased.  The  few  "secon- 
dary" cases  which  developed  were  less  severe,  and  complications  and 
relapses  were  noticeably  less  common  after  the  milk  was  boiled.  Persons 
who  had  had  their  tonsils  removed  previously  developed  mild  ^mptoms 
or  none  at  all. 

Swabs  were  made  jointly  with  Dr.  Thompson  from  six  patients  and 
cultures  from  the  blood  in  one. 

At  the  dairy  it  was  learned,  first,  that  during  the  three  weeks  pre- 
\'iously  all  of  the  milkers  and  the  wife  of  one  of  the  dairymen  either  had 
been  or  were  still  ill  with  severe  sore  throat;  second,  that  the  milk  from 
well-kept,  clean  Jersey  cows  was  strained  into  10-galIon  cans  and  then 
bottled  from  a  5-galton  bottler;  third,  that  a  number  of  cows  had  had 
mastitis  for  some  weeks,  but  this  condition  was  no  more  prevalent  this 
winter  than  other  winters;  and  fourth,  that  the  milk  from  infected 
quarters  of  the  udders  was  discarded,  ^he  milk  from  three  cows  (Cows 
1,  2,  and  3)  having  mastitis  was  collected  jointly  with  Drs.  Thompson 

*  We  wiah  here  to  express  our  appteciation  to  the  mayor  of  Galesville,  A.  T.  Twesme, 
who  requested  the  investigation,  to  Dra,  H.  A.  Jegi  and  George  ('hristiansen,  to  ihe  Sacia 
BrotheiB.  owaenot  the  dairy,  and  to  Urs.  I.  J.Thompson  and  G.  Henika.  of  the  Wisconsin 
State  Board  of  Health,  for  their  willing  coiiperatioD. 
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and  Henika.of  the  State  Board  of  Health.*  This  was  done  by  discarding 
the  first  strippiogs  and  then  milking  the  contents  into  sterile  bottles. 
In  one  cow  (Cow  1),  the  right  hind  quarter  of  the  udder  was  infiltrated 
and  tender.  The  material  obtained  (60  c.c.)  looked  more  like  pus  than 
milk.  The  other  quarters  were  normal,  but  90  c.c.  of  milk  were  taken 
from  the  anterior  quarter  of  the  same  side  for  control  tests.  Smears  of 
the  material  from  the  quarter  showing  mastitis  showed  an  enormous 
number  of  gram-positive  diplococcj  (soine  of  which  showed  capsules), 
single  and  in  short  chains,  and  many  leukocytes.  Blood  (human)  agar 
plates  inoculated  with  a  loopful  of  this  material  showed  in  twelve  hours 
countless  numbers  of  grayish,  translucent,  moist,  spreading  colonies 
surrounded  by  a  rather  wide  but  somewhat  hazy  zone  of  hemolysis. 
Smears  from  the  centrifugalized  sediment  of  the  control  milk  from  Cow  1 
showed  four  colonies  of  the  same  streptococcus  and  no  other  bacteria. 
Dextrose  broth  cultures  showed  marked  diffuse  turbidity  due  to  diplo- 
cocci  which  were  single  and  in  short  chains.  These  plated  on  blood  agar 
yielded  the  same  streptococcus  in  pure  form. 

Smears  and  cultures  from  the  mastitis  milk  from  Cow  3  showed 
exactly  the  same  streptococcus,  while  the  material  from  the  infected 
quarter  of  Cow  2  showed  staphylococci  and  a  few  grayish  colonies  of 
streptococci  but  not  the  hemolyzing  streptococcus. 

Smears  from  the  swabs  of  the  throats  of  five  patients  showed  many 
diplococci  and  leukocytes.  The  cultures  on  blood-agar  plates  yielded 
large  numbers  of  colonies  of  streptococci  exactly  like  those  from  the  in- 
fected milk.  On  some  of  the  agar  plates  were  a  few  green  colonies  of 
streptococci,  staphylococci,  colon  bacilli,  and  Micrococcus  catarrhalis. 
The  preponderance  of  the  characteristic  streptococcus  on  these  plates 
was  a  striking  picture.  The  colonies  like  those  found  in  the  Chicago 
epidemic  when  first  isolated  differed  from  the  usual  hemolytic  strepto- 
coccus in  that  they  were  larger,  less  opaque,  and  more  moist,  and  the 
hemolysis  was  less  marked  and  less  sharply  defined.  After  cultivation 
for  a  short  time,  in  some  instances  in  the  third  culture  generation,  these 
peculiar  features  had  disappeared  simultaneously  with  the  capsuleand  the 
colonies  were  indistinguishable  from  the  usual  hemolytic  streptococcus. 
One  of  the  six  patients  failed  to  show  the  hemolyzing  streptococcus. 
The  fermentative  reactions  of  the  streptococcus  from  the  milk  and 

*  On  Mrival  at  the  dairy.  Dr.  Henika  reported  the  finding  ot  numerous  " streptococci " 
in  the  centrifugaliied  sediment  of  a  sample  of  the  contamiaated  milk  procured  in  the  open 
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throats  were  identical.     Dextrose,  lactose,  saccharose,  and  salicin  were 
attacked;  raffinose,  mannite,  and  inulin  were  not. 

Animal  Experiments 
The  virulence  of  the  streptococcus,  the  missiDg  link  in  the  chain  of 
evidence  to  prove  the  milk  guilty,  was  demonstrated  the  next  day,  March 
16,  and  was  so  reported  to  the  Galesville  authorities.     The  following 
protocob  suffice  to  illustrate: 

Babbit  1172.— A  medium-sized  white  rabbit  was  injected  intra- 
peritoneally,  March  15,  at  11.45  p.  .m.,  with  3  c.c.  of  the  pus-like  material 
from  the  mastitis  quarter  of  Cow  1. 

March  16,7.30  A.  M.:  The  rabbit  was  extremely  ill;  unable  to  stand. 
At  11.30  A.  M.  it  was  found  dead.  The  peritoneum  appeared  opaque 
and  dry.  There  was  no  free  fluid.  There  were  marked  degeneration  of 
the  liver  and  myocardium  and  cloudy  swelling  of  the  kidney.  The 
joints,  stomach,  spleen,  and  lungs  showed  no  changes.  Smears  from  the 
peritoneum  and  blood  showed  many  graro-positive  diplococci,  single  and 
in  short  chains. 

March  17:  The  blood-agar  cultures  of  the  blood  showed  large  num- 
bers of  colonies  of  the  streptococcus  injected.  Dextrose  broth  cultures 
showed  diffuse  turbidity  and  smears  showed  diplococci,  single  and  in 
short  chains. 

Rabbit  1174. — A  medium-sized  gray  rabbit  was  injected  intra- 
peritoneally,  March  15, 11.50  p.  h.,  with  1  c.c.  of  the  salt-solution  suspen- 
sion of  the  swabs  from  six  patients. 

March  16,  7.30  A.  M.:  The  rabbit  was  very  ill.  At  10.30  a.  m.  it 
was  found  dead.  The  peritoneum  was  dry  and  opaque.  There  was 
marked  cloudy  swelling  of  the  myocardium,  kidneys,  and  liver.  Smears 
from  the  peritoneum  showed  very  many  gram-positive  diplococci  and 
few  leukocytes  showing  little  phagocytosis.  Smears  from  the  blood 
showed  a  moderate  number  of  gram-positive  diplococci  in  short  chains. 

March  17:  Cultures  from  the  blood  on  blood-agar  plates  showed 
large  numbers  of  colonies  of  the  streptococcus  injected.  Dextrose  broth 
cultures  showed  marked  turbidity,  and  in  smears  diplococci,  single  and 
in  short  chains, 

Two  white  mice  (Mice  44  and  45),  injected  at  the  same  time,  one  sub- 
cutaneously  with  0.3  c.c.  of  the  mastitis  material,  the  other  intraperi- 
toneally  with  0.1  c.c.  of  the  salt-solution  suspension  of  the  throat  swabs, 
were  ill  the  next  day  and  died  from  strep tococcemia,  March  17. 

A  mouse  (Mouse  46),  injected  intraperitoneally  with  2  c.c.  ofthe 
sediment  of  the  mastitis  material  from  Cow  2,  in  which  the  blood-agar 
plate  cultures  failed  to  show  the  streptococcus,  died  March  17.  There 
was  a  dry  peritonitis  and  there  were  a  large  number  of  the  typical  strep- 
tococci in  the  blood. 
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The  effect  of  heating  the  mastitis  material  from  Cow  1  to  60  C. 
(140  F.)  was  determined.  Cultures  made  just  prior  to  heating  showed 
countless  numbers  of  the  typical  streptococcus,  while  after  pasteuriza- 
tion the  cultures  were  sterile.  The  unheated  material  was  injected  as 
follows:  2  c.c.  subcutaneously  into  one  large  rabbit,  3  c.c.  intraperi- 
toneally  into  another  rabbit,  and  0.5  c.c.  intraperitoneally  into  a  mouse. 
The  rabbit  injected  subcutaneously  and  the  mouse  died  within  forty- 
eight  hours  from  streptococcemia.  The  former  showed  marked  sub- 
cutaneous edema  at  the  point  of  injection,  acute  regional  lymphadenitis, 
acute  pericarditis,  and  edema  of  the  lungs.  The  mouse  showed  peritonitis. 
The  rabbit  injected  intraperitoneally  became  ill  but  ultimately  recovered. 
The  animals  injected  with  corresponding  amounts  of  the  pasteurized 
material  remained  well. 

Similar  experiments  were  done  with  a  sample  of  milk  obtained  in 
Rochester;  cultures  of  which  showed  large  numbers  of  non-hemolyzing 
streptococci  and  a  moderate  number  of  colon  bacilli.  Animals  were 
injected  as  above,  first,  with  this  milk  as  obtained  and  kept  at  room 
temperature  for  twenty-four  hours;  second,  with  the  milk  inoculated 
with  the  virulent  streptococcus  (Cow  1)  and  kept  at  room  temperature 
for  twenty-four  hours,  and  third,  with  the  latter  after  pasteurization. 
Those  injected  with  the  uninoculated  milk  remained  well,  as  did  those 
injected  with  the  pasteurized  material,  while  those  injected  with  the 
milk  inoculated  with  the  virulent  streptococcus  either  died  or  became  ill. 

It  has  been  held  by  some  that  to  determine  the  virulence  of  strepto- 
cocci by  injection  is  not  sufficient  to  prove  the  etiologic  relationship  in 
these  and  similar  studies.  We  therefore  instituted  experiments  in  which 
the  methods  of  inoculation  simulated  those  occurring  in  the  epidemic; 
that  is,  we  fed  the  infected  material  and  swabbed  the  throats  and 
scratched  the  skin.  In  swabbing  the  throats,  care  was  exercised  to  avoid 
injuring  the  mucous  membrane. 

Two  mice  (Mice  47  and  48),  whose  throats  were  swabbed  once  and 
which  were  fed  bread  soaked  in  the  infected  material,  died  in  six  and  three 
days,  respectively.  The  latter  developed  swelling  of  the  left  side  of  the 
face  resembling  erysipelas.  The  former  had  no  evidence  of  infection 
of  the  throat,  but  showed  edema  and  hemorrhagic  infiltration  of  the 
visceral  pericardium  covering  a  large  part  of  the  left  ventricle,  acute 
splenitis,  and  approximately  500  and  1200  colonies  of  the  typical 
streptococcus  in  a  drop  of  blood  and  pericardial  fluid,  respectively. 

Two  mice  (Mice  49  and  50}  were  fed  bread  soaked  in  the  infected 
material.  Mouse  49  has  remained  well.  Mouse  50  died  in  six  days  and 
showed  several  small  epicardial  hemorrhages,  acute  splenitis,  and  edema 
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of  the  tissues  surrounding  the  throat,  but  no  apparent  enlargement  of  the 
lymph- glands  and  no  inflaniniation  of  the  mucous  membrane  of  the 
throat.  The  blood  showed  countless  numbers  of  the  typical  hemo- 
lyzing  streptococcus. 

The  results  in  a  monkey  (Monkey  ISO)  are  given  in  detail.  March 
18  the  throat  was  swabbed  with  mastitis  material  from  Cow  I,  and  the 
skin  on  the  left  side  of  the  nose  scratched  with  a  wire  dipped  in  the  same 
material.  Bread  soaked  with  the  material  was  placed  in  the  cage,  no 
other  food  being  given  for  one  day. 

March  19, 10  A.  M.:  The  left  side  of  the  face  surrounding  the  scratch 


was  swollen  and  red,  including  the  lower  eyelid.  There  was  no  discharge 
from  the  nose  and  no  perceptible  swelling  or  redness  of  the  throat.  At 
5  p.  M.  the  swelling  of  the  left  side  of  the  face  was  more  marked  and  the 
temperature  was  103  F.     The  throat  was  again  swabbed. 

March  SO:  The  swelling  of  the  face  was  more  marked,  the  left  eye 
was  swollen  nearly  shut,  and  the  edema  extended  to  within  2  cm.  of  the 
ear.     The  right  side  of  the  face  showed  no  involvement. 

March  31:  The  swelling  of  the  left  side  of  the  face  had  subsided  per- 
ceptibly; the  skin  was  wrinkled  and  beginning  to  desquamate;  there 
was  marked  swelling  of  the  right  side  of  the  face,  as  shown  in  the  ac- 
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companying  illustration;  the  temperature  vas  103  F.;  the  affected 
area  was  hot  and  red. 

March  23:  The  animal's  face  was  still  much  swollen  and  red;  the 
monkey  seemed  ill;  the  temperature  was  103.5  P. 

March  2i:  The  swelling  of  the  left  side  of  the  face  had  markedly  sub- 
sided. 

March  S6,  10  A.  M.:  The  swelling  of  the  face  was  more  marked, 
especially  on  the  right  side;  the  right  eye  was  nearly  closed;  the  animal 
appeared  ill;  the  temperature  was  103  F.  At  12  noon  it  was  found 
dead.  There  were  marked  swelling  and  edema  of  the  whole  face,  extend- 
ing to  the  ears  on  both  sides,  well  into  the  neck,  and  over  a  large  portion 
of  the  scalp.  The  submaxillaiy  lymph-glands  were  enlarged  and  ede- 
matous. In  the  pharynx  was  a  small  amount  of  pus.  The  tonsils  were 
not  perceptibly  enlarged,  but  the  adjacent  lymph-glands  and  surround- 
ing tissues  were  edematous  and  hemorrhagic.  A  small  amount  of 
slightly  blood-tinged  fluid  was  found  in  both  middle  ears.  The  mucous 
membrane  of  the  nares  was  normal,  but  that  in  the  pharynx,  including 
that  surrounding  the  eustachian  tubes,  was  hyperemic  and  covered  with 
much  mucus.  In  the  peritoneal  and  pericardial  cavities  was  a  large 
amount  of  slightly  turbid  fluid  containing  hemolyzed  blood,  leukocytes, 
and  many  streptococci.  The  epicardium  was  moist  and  edematous, 
particularly  along  the  blood-vessels  and  at  the  base.  The  anterior 
leaflet  of  the  mitral  valve  was  edematous  at  the  base,  and  near  the 
periphery  were  two  small  hemorrhages.  There  was  hemorrhagic  edema, 
along  the  base  of  the  pulmonary  and  aortic  valves.  The  middle  aortic 
semilunar  cusp  contained  a  large  edematous  nodule  along  the  line  of 
closure.  The  myocardium,  kidneys,  and  liver  showed  cloudy  swelling. 
The  left  infrapatellar  bursa  was  hemorrhagic  and  edematous.  There 
were  no  other  lesions.     The  blood  was  markedly  hemolyzed. 

March  26:  Blood-agar  plates  from  the  subcutaneous  fluid,  the  peri- 
toneal fluid,  the  pericardial  fluid,  and  the  blood  showed  the  typical  strepto- 
coccus in  large  numbers  in  pure  form.  The  exudate  from  the  middle 
ears  showed  chiefly  green-producing  streptococci  resembling  pneumo- 
coeci  and  a  few  colonies  of  the  typical  streptococcus. 

Summary  and  CoNCLraiONs 
The  clinical  picture  in  this  epidemic  was  typical  of  "septic  sore 
throat "  as  described  in  numerous  other  milk-borne  epidemics.  Etiologic 
relationship  of  the  streptococcus  found  in  the  milk  was  proved.  The 
disease  occurred  almost  exclusively  in  persons  who  consumed  the  milk. 
In  some  instances  the  drinking  of  one  glass  was  sufficient  to  bring  on  an 
attack.  The  streptococcus  was  found  in  enormous  numbers  in  the 
material  from  mastitis  quarters  of  the  cows'  udders  and  in  small  numbers 
in  a  normal  quarter.     It  was  also  isolated  in  large  numbers  from  the 
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throats  of  patients.  High  virulence  of  the  streptococcus  was  proved  by 
inoculation  of  animals.  The  lesions  produced  resembled  those  found  in 
patients,  especially  in  those  animals  which  in  the  methods  of  inoculation 
simulated  those  which  occurred  in  the  epidemic.  Erysipelas  was  pro- 
duced in  a  monkey  by  scratching  the  skin  with  a  wire  dipped  in  the  in- 
fected material.  In  the  same  monkey  inflammation  of  the  throat 
associated  with  acute  enlargement  of  the  lymph-glands  in  the  neck, 
with  surrounding  edema  and  otitis  media,  followed  swabbing  the  throat 
with  cotton  saturated  with  the  same  material.  Peritonitis,  pericarditis, 
endocarditis,  myocarditis,  and  synovitis  were  common  in  the  animab 
as  in  patients.  Heating  the  milk  to  60°  for  twenty  minutes  was  sufficient 
to  render  it  innocuous. 

Virulent  bacteria  may  be  present  in  the  udder  of  cows  with  no 
demonstrable  sign  of  disease.  It  is  practically  impossible  to  handle 
milk  without  risk  of  contamination  from  human  and  other  sources,  even 
though  the  rigid  technic  of  an  operating  room  be  employed.  Since 
milk  is  such  an  excellent  culture- medium,  inspection  of  dairies,  certifica- 
tion and  grading  of  milk  according  to  sediment  tests,  and  bacterial 
counts  as  now  practised,  while  valuable,  cannot  permanently  safeguard 
the  public  health.  Efficient  pasteurization  should  be  universally 
adopted. 
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PEPTIC  ULCER  AND  GALLSTONES  IN  UPPER 
ABDOMINAL  DIAGNOSIS* 

C.  GRAHAM 


The  stomach  is  a  center  around  which  a  multitude  of  functional  and 
pathologic  symptoms  revolve.  The  pathologic  conditions  which  cause 
the  gastric  disorder  may  be  due  to  various  lesions,  either  local,  focal, 
or  reflex,  or  they  may  be  due  to  general  infections.  Physiologic  and 
pathologic  laboratories  have  done  and  are  doing  a  great  work  in  clearing 
up  problems  in  diagnosis.  Surgery  has  been  illuminating  by  dealing 
at  first  hand  with  the  pathologic  lesions.  Roentgenology  has  given  a 
wonderful  impetus  to  general  diagnosis,  and  in  no  realm  has  its  influence 
been  more  commanding  than  in  the  gastric  region.  Despite  all  these 
generous  advances,  the  difiiculties  that  surround  upper  abdominal  diag- 
nosis are  so  great  and  varying  that  interest  in  its  development  continues 
— really  grows. 

The  physician  who  would  reach  a  modest  degree  of  proficiency  in 
diagnosis  must  be  able  and  willing  to  work  without  wearying.  He  must 
acquire  proficiency  through  the  experience,  gained  first  hand  in  directed 
work  at  our  great  laboratories,  hospitals,  and  clinics.  It  is  less  often 
attained  by  the  clinician  who  directly  leaves  his  medical  college  to  meet 
single-handed  the  pathology  of  the  world. 

Again,  the  clinician  must  needs  have  the  proper  diagnostic  attitude. 
He  must  listen  cheerfully  and  willingly  to  the  t)atient's  story.  The 
patient  may  be  so  acute  in  his  observations  as  to  bring  a  diagnosis 
clearly  and  without  travail  to  you;  therefore  barken  carefully  and 
modestly  to  what  his  attending  physician  has  perceived  and  told.  Do 
not  bristle  or  appose,  and  do  not  attempt  to  prove  the  physician  incon- 
sistent and  incorrect.  The  observations  of  the  clinician  who  has  at- 
tended the  patient  through  an  attack  have  significance  and  should  be 
wisely  weighed.     Of  course,  one  should  not  be  easily  misled  and  make  a 
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diagnosis  on  another  titan's  observations  unless  hb  own  mind  reaches  the 
same  conclusion  frankly.  Be  searching,  cheerful,  and  receptive,  an  atti- 
tude which  will  find  a  reward, 

A  working  knowledge  of  surgical  anatomy,  and  this  kept  clearly  in 
mind  when  developing  a  history,  carries  one  a  great  way  toward  correct 
conclusions.  To  be  sure,  a  proper  seasoning  of  judgment,  a  moderate, 
well-directed  experience,  coupled  with  an  intense  willingness  to  work, 
are  needed. 

Another  requisite  for  diagnostic  aptness  is  the  ability  to  think  in 
pathologic  multiples.  He  who  can  clearly  keep  in  mind  the  multiplicity 
of  pathologic  conditions,  and  group  the  symptoms  as  expressed  in  com- 
plaints of  the  stomach,  will  most  often  reach  accurate  results.  When 
interpreting  upper  abdominal  pain,  we  find  a  multitude  of  causes.  If 
we  hold  in  mind  only  gastric  lesions,  we  may  miss  the  gallbladder,  the 
pancreas,  and  the  kidney.  Cardiospasm,  duodenal  lesions,  anginas,  and 
appendicitis  are  called  "stomach"  by  the  patient.  Tuberculosis, 
cardiocenal  disease,  syphilis,  brain  and  cord  tumors,  meningeal  irrita- 
tion, and  a  hundred  and  one  other  conditions  are  all  often  translated  by 
the  patient  as  stomach  trouble  and  he  seeks  help  for  the  stomach  only. 
This  leads  us  to  consider  the  value  of  good  history  taking.  No  methods 
or  measures  are  of  more  importance  to  sound  and  exact  diagnosis  than 
the  carefully  developed  history  with  the  proper  interpretation  and  logical 
correlation  of  symptoms.  The  history  need  not  be  profuse,  but  it  should 
cover  the  facts  of  inheritance,  occupation,  accidents,  previous  diseases, 
operations,  etc.  It  should  carefully  include  comprehensive  details  of 
the  symptoms  from  which  the  patient  seeks  relief— when  they  were  first 
experienced,  how  shown,  where  located,  and  what  their  relation.  Also 
should  be  noted  the  time  of  onset  of  symptoms,  the  development  of  each, 
which  took  precedence,  their  change  in  order  and  severity  during  the 
time  of  trouble,  and  intermissions  or  remissions  should  be  recorded. 
Compare  the  early  and  late  symptoms  if  they  have  been  prolonged. 
These  details,  simply  and  precisely  carried  out,  coupled  with  a  careful 
and  complete  physical  examination,  leave  less  to  be  done  by  the  labora- 
tories, are  better  form,  and  bring  diagnosis  nearer  to  a  scientific  basis. 
Further  and  very  important — no  clinical  history  is  complete,  and  its 
value  is  greatly  to  be  questioned,  which  does  not  have  the  stamp  of  the 
frank  diagnosis  of  the  physician  who  writes  it  and  who  made  the  physical 
examination.  The  clinician  should  endeavor  to  leave  to  surgery,  to 
the  laboratories,  and  to  the  roentgen  ray,  the  stamp  of  approval  only. 
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Ulcer. — ^In  the  diagnosis  of  peptic  ulcer  let  ua  consider  first  what  the 
chances  are  of  locating  the  lesions  from  the  history  given  by  the  patient 
and  gathered  and  correlated  by  the  clinician.  We  find  in  our  series 
of  histories  no  symptom  or  group  of  symptoms  that  always  warrant 
ulcer  location.  If  we  call  all  peptic  ulcers  duodenal  ulcers,  then  we 
may  say  our  percentage  of  correct  diagnoses  is  about  75,  because  75 
per  cent  of  peptic  ulcers  are  duodenal.  Such  a  standard  would  be 
scarcely  honest — certainly  not  interesting.  What  we  term  a  rather 
typically  duodenal  history  give.s  us  about  75  per  cent  correct  localizing 
diagnoses:  the  other  25  per  cent  drops  into  what  we  deem  the  gastric 
syndrome.  In  our  histories  of  gastric  ulcer  about  i5  per  cent  are  of  the 
typically  duodenal  type,  thus  leaving  75  per  cent  to  fall  into  the  gastric 
type.  The  histories,  then,  of  one-fourth  of  our  gastric  ulcers  are  as 
clearly  of  the  duodenal  type  as  are  many  of  the  duodenal  themselves, 
and  just  as  clearly  are  one-fourth  of  the  histories  of  the  duodenal  of 
gastric  type.  So  the  clinician  who  depends  solely  on  the  history  for 
ulcer  location  will  often  find  himself  wrong.  Neither  does  pain  as  to 
kind,  location,  or  severity  point  clearly.  The  time  of  pain  or  control 
gives  us  clear  points  but  not  positive  evidence.  We  feel  that  these 
varying  symptoms  do  help  to  a  considerable  degree,  that  they  are  often 
important  indications  as  to  location,  but  they  are  only  helps — at  times 
they  are  a  good  working  rule,  but  by  no  means  a  law. 

The  clinical  diagnoses  in  a  series  of  2919  histories  of  duodenal  and 
gastric  ulcer  patients  {duodenal  2223;  gastric  696)  who  came  to  opera- 
tion are  given  here  to  show  our  difficulties  in  locating  lesions  from  a 
study  of  clinical  histories. 

In  64.3  per  cent  of  the  cases  a  primary  diagnosis  of  duodenal  ulcer 
was  made,  while  16.5  per  cent  were  put  down  as  gastric  ulcer.  In  about 
27S  cases  (12.2  per  cent)  gallstones  entered  largely  into  the  diagnosb. 
Of  these  273,  91  (4.1  per  cent)  of  the  patients  were  sent  to  operation 
without  test-meal  or  roentgen  ray  and  with  noother  diagnosis  mentioned. 
At  operation  many  of  these  patients  proved  to  have  the  chronic  per- 
forating type  of  ulcer,  though  others  showed  only  adhesions  to  the  gall- 
bladder. 

In  108  (4.9  per  cent)  of  these  2223  duodenal  ulcer  cases,  appendicitis 
figured  in  the  diagnosis,  while  cancer  was  considered  in  but  1  per  cent- 
This  leaves  about  0,7  per  cent  unclassified. 

Of  the  696  gastric  ulcers  that  came  to  operation,  438  (62.9  per  cent) 
were  classified  as  gastric,  161  (23.2  per  cent)  duodenal,  and  in  34  (4.8  per 
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cent)  the  gastric  diagnosis  was  placed  in  second  position.  The  gall- 
bladder was  primarily  considered  as  the  chief  offender  in  45  cases  (6.4 
per  cent),  and  in  half  of  these  it  was  the  only  diagnosis  given. 

Cancer  was  considered  in  4.3  per  cent  of  the  cases,  appendicitis  in 
1.1  per  cent,  and  the  unclassified  amounted  to  about  1.7  per  cent.  If 
pain,  the  chief  symptom,  is  considered  alone,  and  the  time  of  its  appear- 
ance is  the  guiding  factor,  we  find  that  in  50  per  cent  of  gastric  ulcers 
there  is  pain  beginning  from  two  to  five  hours  after  meals,  and  in  the 
other  50  per  cent,  before  two  hours.  In  duodenal  ulcer  there  is  pain  in 
75  per  cent,  beginning  from  two  to  five  hours  after  eating,  and  in  the  re- 
maining £5  per  cent,  before  two  hours. 

Points  Thai  May  Aid  in  a  Clinical  Differentiaiion  of  Gastric  and  Du- 
odenal Ulcer. — Duodenal  histories  have  a  longer  course  in  years  {11  per 
cent)  than  do  gastric,  perhaps  in  part  because  there  is  less  chance  of 
latency  when  they  are  situated  in  the  duodenal  area.  The  longer  the 
history,  the  more  likely  is  the  ulcer  to  he  duodenal.  The  higher  the  acid, 
the  lower  the  ulcer.  Hemorrhage  is  oftener  present  in  gastric  ulcer. 
More  duodenal  ulcers  than  gastric  ulcers  are  diagnosed  as  gallbladder 
trouble.  Position  (reclining)  and  pressure-ease  are  more  indicative  of 
gastric  than  of  duodenal  ulcer.  Night  pain  is  more  frequent  in  duodenal 
ulcer.  E^ase  before  the  next  meal  occurs  more  often  in  gastric  ulcer. 
The  higher  ulcers  seem  to  run  shorter  attacks,  are  repeated  oftener,  or 
with  only  remissions;  so  they  run  month  by  month,  the  pain  earlier, 
without  that  constant  decided  food  and  soda  ease,  and  symptoms  vary- 
ing with  the  amount  and  kind  of  food.  So,  too,  in  high  ulcers,  small 
amounts  and  bland  food  may  give  ease,  while  larger  amounts  or  heavy 
food  disturb  and  give  immediate  pain.  In  low  ulcer  the  large  meal 
offers  more  chance  of  ease.  With  the  high  ulcers  there  is  oftener  re- 
gurgitation of  burning  hot  water,  sour  hot  water,  or  a  salty  liquid  run- 
ning from  the  mouth,  than  with  duodenal  ulcers.  Bloating  and  pressure 
occur  more  frequently  in  gastric  ulcer.  High-ulcer  pain  is  farther  up 
and  more  to  the  left.  Coarse  foods  and  large  amounts  of  food  are  more 
apt  to  cause  distress  in  gastric  than  in  duodenal  ulcers  and  more  in  large 
ulcers  than  in  small.  Deeply  undermined  duodenal  ulcers  are  often 
much  like  high  ulcers  of  large  area.  Continuous  symptoms  are  four 
times  more  common  in  gastric  than  in  duodenal  ulcer.  The  size  of  the 
ulcer  seems  to  have  quite  as  much  or  more  influence  on  symptoms  than 
has  the  position.  Small  ulcers  with  high  location  often  give  clear-cut 
duodenal  ulcer  history.     Large  ulcers  wherever  situated  give  shorter 
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food  ease;  they  tend  to  constant  symptoms;  more  remissions  than  in- 
termissions; food  is  more  apt  to  give  immediate  distress,  and  the  patient 
is  easier  with  the  stomach  empty.     These  ulcers  lose  type. 

To  the  history  taker  the  difficulties  of  ulcer  location  are  great.  In- 
deed, he  hesitates  and  should  hesitate,  because  there  is  little  reason  to 
believe  that  pyloric  ulcers  vary  much  in  symptoms  from  the  symptoms 
due  to  u)cer  in  the  duodenum.  The  symptom  variations  do  point  to 
ulcer  location,  but  they  give  no  hard  and  fast  lines.  Hence  we  feel  that 
the  physician  who  can  locate  all  or  most  peptic  ulcers  by  clinical  symp- 
toms only  has  developed  much  more  accuracy  than  we  have  attained. 
The  roentgen  ray  does  locate  the  disease  whenever  its  findings  are  posi- 
tive; therefore  its  influence  is  striking  and  it  has  the  exactness  that  the 
clinical  histories  lack.  But  the  x-ray  has  its  difficulties,  and  we  need 
all  our  combined  forces  to  make  a  respectable  showing.  We  see  no  great 
benefit  to  the  patient  in  such  exact  localization  so  long  as  the  peptic 
lesion  is  diagnosed  and  the  patient  gets  proper  medical  or  surgical  atten- 
tion. Only  it  is  a  comforting  sort  of  feehng,  when  later  the  x-ray  or 
surgery  proves  the  accuracy  of  one's  observations. 

Symptomatology. — In  the  majority  of  instances  the  early  history  of 
peptic  ulcer  is  clear-cut  and  definite,  and  is  typically  given,  by  the  pa- 
tient in  the  twenties.  There  are  attacks  of  pain,  pressure,  burning,  or  a 
strange  nervous  weakness  that  comes  from  three  to  five  hours  after 
meals.  Most  often  in  the  early  period  this  pain,  distress,  or  weakness  is 
the  chief  or  only  symptom.  Some  gas  and  some  sour  eructations  may  be 
complained  of,  but  both  are  usually  slight  in  the  early  stages.  Vomiting 
is  rare,  but  may  be  a  factor.  The  patients  have  good  food  desire,  even 
may  have  increased  appetite,  and  many  do  not  lose  weight  unless  ad- 
vised to  diet,  or,  finding  that  care  in  diet  lessens  late  pain,  they  undereat. 
However,  this  great  increase  of  pain  due  to  food  is  usually  seen  later  in 
the  disease.  The  symptoms  above  given  usually  appear  without  cause 
Juiown  to  the  patient;  they  are  often  seasonal,  spring  or  fall,  though  hard 
work,  worries,  and  any  indiscretion  are  sufficient  to  initiate  an  attack. 
During  the  period  of  attack  the  symptoms  appear  regularly  from  two 
to  five  hours  after  meals  and  frequently,  at  reguUr  nightly  intervals, 
varying  slightly^only  in  each  instance,  and  continuing  until  the  next 
meal  or  when  food  is  taken.  Alkalies,  drinks,  vomiting,  and  irrigation 
ease,  when  resorted  to,  but  usually  food  is  the  great  remedy  in  early 
life.  The  time  of  pain  is  characteristic,  and  with  the  pain  run  the  other 
symptoms  when  present.     The  average  time  of  pain  appearance  is  about 
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three  hours  after  food.  The  time  of  pain  and  its  control  are  almost 
pathognomonic.  By  this  we  mean  the  pain  that  comes  from  one-half 
to  five  hours  after  meals  and  is  eased  completely  by  the  next  meal,  to 
appear  again  in  from  one-half  to  five  hours — this  is  the  characteristic 
feature.  Quantity  and  quality  of  food  may  vary  the  time  of  pain,  but 
not  destroy  the  character.  When  one  symptom  disappears,  all  dis- 
appear. Diet,  rest,  recreation,  or  change  of  climate  or  vocation,  may 
relieve  the  attack.  It  usually  lasts  from  a  few  days  to  weeks  and  is 
quite  identical  in  symptoms  day  by  day.  The  interval  comes  and  com- 
plete relief  is  experienced.  As  time  goes  on  the  attacks  become  more . 
severe,  perhaps  oftener  and  more  prolonged.  Greater  amounts  of  food-  : 
increase  the  after-coming  pain,  and  quality  makes  a  difference.  Pa- 
tients find  that  care  in  diet  lessens  suffering  and  many  lose  weight  be- 
cause of  undereating.  In  this  stage  we  get  a  history  of  greater  or  more 
prolonged  pain,  more  gas,  and  sour,  bitter  eructations  and  often  more  or 
less  vomiting.  Food  still  gives  relief  in  most  cases,  and  alkalies,  irri- 
gation, and  vomiting  give  more  comfort  and  are  more  often  used  to  bring 
relief  than  in  the  first  stages.  Vomiting  or  passing  blood  may  be  a 
factor  in  diagnosis,  but  a  diagnosis  of  ulcer  should  be  made  without  the 
evidence  of  hemorrhage,  as  a  diagnosis  of  gallstones  should  be  made  be- 
fore jaundice,  save  in  those  cases  in  which  hemorrhage  is  the  first  or 
only  symptom  of  ulcer,  and  jaundice  the  first  and  only  symptom  of  gall- 
atones.  In  this  stage  the  symptoms,  their  time  of  appearance  and  con- 
trol, are  still  usually  clearly  defined  and  a  diagnosis  may  easily  be 


Still  later,  when  complications  have  arisen,  perforations,  adhesions, 
large  ulcers,  contractures,  obstruction,  and  the  like,  the  symptoms  may 
take  on  varied  hues  and  we  are  at  a  loss,  unless  we  have  been  careful  to 
get  out  early  definite  history.  The  symptoms  now  may  be  greatly  pro- 
longed, never  quite  clearing  up,  or  they  may  be  continuous  with  gradually 
increasing  invalidism.  Pain  increased  or  not  eased  by  food,  food  soon 
adding  to  distress,  sour,  bitter,  burning  eructations  and  vomiting  of 
large  quantities,  loss  of  weight,  decided  obstruction  and  cachexia  may 
be  present.  Vomiting,  irrigation,  and  alkalies  usually  bring  some  degree 
of  ease.  The  history  is  always  that  of  the  stomach  and  we  can  usually 
by  exclusion  reach  a  respectable  diagnosis.  The  early  history  is  here  a 
great  illuminating  factor,  and  the  roentgen  ray  is  a  comfort,  as  it  is,  in- 
deed, in  all  the  stages  of  peptic  ulcer. 

Such  a  history,  more  or  less  modified  in  each  case,  gives  us  e\4dence. 
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to  warrant  a  clear  diagnosis  of  peptic  ulcer  in  80  per  cent  of  cases,  while 
in  another  9  per  cent  the  diagnosis  of  ulcer  figures  strongly,  with  gall- 
stones, appendicitis,  or  cancer  not  always  clearly  differentiated.  It 
must  not  be  forgotten  that  latency  of  ulcer  as  well  a^  latency  of  gall- 
stones is  to  be  considered  when  clearing  up  our  diagnostic  statistics. 
Certain  it  is  that  both  may  be  latent  for  years  even,  and'  discovered  only 
at  operation,  by  the  roentgen  ray  or  at  autopsy.  In  ulcer  the  first  and 
only  symptom  may  be  hemorrhage,  more  or  less  severe  and  repeated, 
or  the  pain  of  perforation  may  be  the  first  warning.  Again,  symptoms 
of  decided  obstruction  may  first  come  to  attention  and  thus  the  late 
complicated  history  is  ushered  in,  never  in  any  period  possessing  the 
early  signs,  or  showing  them  so  little  that  the  patient  had  not  made  com- 
plaint or  sought  relief.  The  clinician  who  carefully  bears  latency  in 
mind  may  reach  happier  conclusions,  and  the  surgeon  who  gives  this 
point  attention  will  be  safer  to  trust  and  will  get  better  results.  The 
late  complicated  stage  of  ulcer  often  loses  its  type  and  merges  into  the 
signs  of  any  gastric  disturbance,  which  may  be  due  to  lesions  outside, 
to  focal  infection,  or  to  general  diseases,  yet  careful,  detailed  histories 
clear  up  many  difficult  eases.  The  early  history  brings  other  evidence, 
while  the  x-ray  may  add  still  further  light. 

There  is  a  class  of  ulcer  cases  not  so  large  but  quite  distincti\'e  and 
extremely  difficult  to  diagnose.  Clinically  they  are  diagnosed  gallstones. 
These  ulcers  are  often  duodenal  or  pyloric  but  may  be  gastric.  They 
seem  to  have  no  complication  save  frequent  perforating  tendencies,  yet 
a  part  are  not  so  reported  at  operation.  Often  the  only  symptom  com- 
plained of  is  sudden,  acute  short  attacks  of  epigastric  pain,  rarely  with 
radiation,  but  which  may  radiate  to  the  back  if  posterior  perforation  is 
impending.  Recovery  from  pain  is  usually  sudden  and  complete,  typi- 
cally gallstone  in  character,  and  no  other  rational  diagnosis  can  be  made 
save  by  the  x-ray.  In  the  group  of  cases  under  discussion  the  roentgen 
ray  and  the  surgeon  must  disclose  the  condition,  or,  when  no  operation 
is  done,  characteristic  symptoms  develop  later.  In  the  larger  group  of 
chronic,  complicated  ulcer  cases  with  perforation  the  early  history  often 
gives  the  solution. 

GaUaUmes. — There  is  a  train  of  symptoms  quite  peculiar  to  gallstone 
disease.  In  cholecystitis  the  symptoms  may  quite  simulate  chole- 
lithiasis, or,  again,  vague  symptoms  only  may  point  to  the  liver,  while 
the  gastric  disturbances  predominate.  The  large  majority  of  attacks, 
.  however,  are  rather  easily  diagnosed.    The  symptoms  are  made  up  of 
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practically  the  same  elements  as  in  ulcer, ^ — pain,  gas,  and  vomiting,— 
chronically  periodic  in  a  sense;  but  the  grouping  is  quite  different. 
Here  the  symptoms  appear  in  acute  attacks  of  short  duration,  usually 
from  a  few  moments  to  hours,  but  one  such  attack  is  the  rule  with  an  in- 
termission of  hours,  days,  months,  or  years  of  normal  health,  if  the  case 
is  a  simple  uncomplicated  one.  The  attack  comes  suddenly,  often  with- 
out any  warning.  Quite  as  characteristic  as  this  suddenness  of  onset 
is  the  abrupt  cessation,  even  at  the  height  of  pain,  followed  by  immediate 
return  to  health.  Fain  is  the  great  and  constant  symptom.  It  is  more 
often  epigastric  though  it  may  radiate  to  the  right  areh  and  to  the  back. 
The  chest  and  abdomen  may  be  included  in  its  severe  grasp.  It  is 
boring,  pressing,  a  "queer  agony"  often  expressing  the  sensations,  or 
it  may  be  lancinating,  severe,  and  terrific,  approaching  the  pain  of  gastric 
perforation.  Spasm  of  the  diaphragm  is  marked  in  severe  cases,  but 
may  be  slight  or  absent  in  the  less  severe  attacks.  Pain  appears  with- 
out relation  to  food  in  the  greater  number  of  cases,  coming  before  meals, 
after  meals,  or  when  abstaining.  It  is  quite  independent  of  food,  not 
caused  or  relieved  by  food  in  the  majority  of  cases,  and  the  patient  rarely 
speaks  of  food  in  relation  to  pain.  The  gas  present  intensifies  the  dis- 
tress, as  belching  often  gives  short  relief,  but  the  bloated,  distended, 
bursting  sensation  that  so  many  patients  experience  b  due  to  the  char- 
acter of  the  paip,  its  field  of  radiation,  and  the  spasm,  rather  than  to  the 
actual  gas  present.  Vomiting  in  uncomplicated  gallstone  cases  is  quite 
as  infrequent  as  in  cases  of  uncomplicated  gastric  ulcer.  It  comes  at 
the  height  of  pain,  consists  of  green  or  yellowish  fluid,  usually  small  in 
quantity,  and  gives  short  relief,  or  permanent  cessation  of  pain  may 
follow  it.  It  is  usually  not  prolonged  and,  unless  food  is  present,  is  not 
copious. 

Two  smaller  classes  of  quite  distinct  cases  should  be  mentioned. 
The  first  is  exemplified  by  rather  mild  digestive  disturbance,  often  con- 
sidered lightly  by  both  patient  and  physician.  There  are  slight  attacks 
of  distress  from  gas  or  pressure,  coming  oftenest  at  irregular  times,  but 
again  with  some  relation  to  food.  These  are  of  sudden  onset,  short 
duration,  and  eased  by  eructations  of  gas,  or  slight  regurgitations  or 
vomiting.  Again  they  pass  off  almost  unnoticed  without  great  dis- 
turbance or  any  treatment.  The  usual  return  to  health  is  noted,  as 
in  our  typical  class,  and  these  dyspeptic  mild  attacks  are  just  as  char- 
acteristic of  gallstones  as  are  the  severe  attacks  which  usually  supplant 
the  mild.     They  are  of  the  same  type,  yet  the  one  is  named  gallstones 
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and  the  other  dyspepsia.  The  other  class  of  cases  is  that  of  chronic 
gallbladder  trouble  with  adhesions,  duct  obstruction,  perforations,  duct 
infections,  contraction,  and  perhaps  pancreatitis.  When  this  condition 
obtains,  chronic  gastric  disturbances  often  are  foremost,  the  acute  pain 
is  like  chronic  gastric  perforation,  and  the  whole  picture  is  so  closely  that 
of  chronic  ulcer  with  perforating  complications  that  a  differential  diag- 
nosis cannot  be  made  if  only  the  present  symptoms  are  considered. 
The  key  to  diagnosis  lies  in  developing  the  early  history  which  often 
clearly  shows  the  early  clear-cut  ulcer  syndrome  or  the  typical  train  of 
gallstone  symptoms.  However,  this  differential  diagnosis  is  not  now 
the  important  poUit.  These  patients  are  essentially  surgical,  and  a 
surgical  diagnosis  and  an  experienced  surgeon  usually  set  things  right. 

If  we  understand  the  regular  characteristics  of  the  period  of  attacks 
of  ulcer,  the  day-by-day  symptoms,  coming  from  two  to  five  hours  after 
meals,  and  eased  by  food,  dnnks,  alkalies,  vomiting  or  irrigation,  and  if 
we  as  clearly  recognize  the  irregularity  of  the  gallstone  attack,  not  due 
to  or  eased  by  food,  suddenness  of  appearance  and  disappearance,  and 
the  perfect  health  until  attacks  recur,  hours,  days,  or  months  later,  we 
shall  have  arrived  at  a  state  wherein  we  may  easily  diagnose  80  per  cent 
of  ulcer  cases  and  about  86  per  cent  of  gallstone  disease. 

The  following  considerations  may  help  when  doubt  exists  and  symp- 
toms mix:  The  percentage  of  perforation  in  chronic  ulcer  is  quite  large 
(twenty -six)  and  it  is  in  this  group  we  find  our  greatest  number  of  errors. 
We  call  the  cases  gallstone  disease  or  at  least  partly  divide  the  diagno- 
sis with  gallstones. 

Jaundice  is  frequent  with  gallstones  (i5  per  cent)  and  hemorrhage  in 
ulcer  {25  per  cent).  Vomiting  is  not  common  in  either  condition  early. 
It  is  bitter  and  greenish-yellow  in  gallstone  disease;  in  ulcer  it  is  clear 
and  sour  or  a  clear,  tasteless  or  a  salty  fluid  coming  up  as  an  eructation. 
I^te,  it  is  more  copious  in  ulcer  and  more  often  contains  blood,  though 
in  the  latter  condition  the  symptoms  of  vomiting  help  but  little  in  dif- 
ferential diagnosis.  A  rapidly  developing  constipation  is  a  clear-cut 
symptom  in  ulcer,  not  in  gallstones.  This  is  especially  true  in  men. 
Food  remnants  and  bacterial  elements  found  on  irrigation  are  ulcer  signs, 
more  rarely  found  in  gallstone  disease. 

Ulcers  are  most  common  among  the  young,  or,  perhaps  better,  his- 
tories of  chronic  ulcer  lead  us  back  to  the  early  life  of  the  patient.  When 
other  things  are  equal  so  far  as  symptoms  are  concerned,  and  a  question 
of  gallstones  or  ulcer  arises,  let  the  date  of  first  symptoms  decide.    If 
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symptoms  begao  when  the  patient  was  young  (fifteen  to  twenty-five 
or  thirty),  let  the  diagnosis  of  ulcer  be  favored, if  in  late  life,  give  that  of 
giallstones  the  preference.  Latent  ulcers  are  not  so  apt  to  be  carried 
over  into  late  life  as  are  latent  gallstones. 

When  attacks  come  two  or  more  times  a  day,  repeated  in  a  measure 
day  by  day,  without  food  relation,  even  when  acute,  like  gallstones, 
guard  carefully  the  diagnosis.  It  is  much  oftener  ulcer  with  perfora- 
tion than  gallstoDes.  With  gastric  symptoms  attendant,  yet  not  quite 
surely  ulcer,  go  back  for  aid  in  your  histories  to  the  early  period  of 
attacks. 

With  pain  repeating  acutely  night  after  night,  with  more  or  less 
constant  distress  along  with  other  gastric  symptoms,  call  it  ulcer,  unless 
chills,  fever,  or  jaundice  make  gallbladder  affection  probable.  If  a 
patient  from  thirty-five  to  fifty  years  of  age  has  had  digestive  troubles 
for  years  and  has  not  developed  jaundice,  fever,  chills,  or  a  large  liver, 
diagnose  ulcer,  especially  if  the  acids  are  high. 

In  general,  acids  are  higher  in  ulcer  than  in  gallbladder  disease  and 
aid  in  diagnosis.  Usually  a  history  that  early  is  typical  of  ulcer  or  gall- 
stones may  later  be  too  irregular  for  a  diagnosis;  thus  we  learn  to  depend 
on  early  symptoms.  In  the  presence  of  perforative  symptoms  the 
clinician  is  quite  apt  to  lean,  at  least  secondarily,  to  a  gallstone  diagnosb, 
even  when  the  symptoms  are  prolonged  and  many  of  them  are  clearly  of 
ulcer.  In  prolonged  spells,  with  burning  attacks  daily,  ulcer,  not 
cholecystitis,  is  the  rule.  When  there  is  a  faint,  weak  feeling  with  an 
empty  stomach,  which  is  even  slightly  relieved  by  lightest  foods  and 
drinks,  diagnose  ulcer  even  in  the  presence  of  other  formidable  symp- 
toms. The  pain  of  ulcer  is  more  apt  to  radiate  low  than  is  that  of  gall- 
stones; rarely  is  gallbladder  pain  low.  With  sharp,  gallbladder-like 
pain  preceded  for  a  time  by  indigestion,  consider  first  ulcer  with  per- 
foration. 

Work,  worry,  and  fatigue  often  initiate  an  ulcer  attack — rarely  do 
they  excite  one  of  the  gallbladder.  Pressure,  position,  and  reclining  may 
ease  ulcer  pain,  rarely  gallstone  pain.  Acids  have  a  value.  With  pro- 
longed spells,  pain,  vomiting,  and  other  things  equal,  the  higher  acids 
point  to  ulcer. 

Pain  that  comes  immediately  or  soon  after  food,  with  little  or  no  food 
or  soda  relief  or  but  transitory  relief,  does  not  make  an  ulcer  history  clear 
enough  for  diagnosis,  but  appendicitis  and  cholecystitis  might  be  con- 
sidered, though  not  urged. 
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With  varying  spells  of  short  (three  days),  irregular  food  distress  or 
pain,  no  appetite,  even  with  gas  belching  and  vomiting  and  good  acid 
content — look  out  for  appendicitis.  Appendicitis  gives  a  gastric  history 
or  gastric  symptoms,  but  not  an  ulcer  syndrome. 

Young  patients  usually  have  clear-cut  peptic  ulcer  histories  or  symp- 
toms that  seem  clearly  like  gallstones,  but  are  really  ulcer  (perforating) . 
Complicating  difficulties  are  more  often  seen  later. 

Nausea  is  not  a  common  ulcer  symptom.  A  patient  with  ulcer 
vomits  because  of  pain,  burning,  or  distress.  Nailsea  may  come  later, 
and  frequently  occurs  when  vomiting  is  enhanced,  due  to  adhesions, 
contractions,  and  obstruction,  but  usually  in  ulcer  vomiting  is  not  as- 
sociated with  great  nausea.  Nausea  is  frequently  met  in  gallstone  dis- 
turbance and  may  be  intense,  though  it  is  oftener  caused  by  extrinsic 
disease  other  than  galbtones  (appendicitis,  tuberculosis,  etc.). 

Many  diseases  give  gas,  sour  stomach,  eructations,  and  vomiting, 
therefore  soda  ease  must  find  other  corroborative  evidence  to  weigh 
heavily  in  a  diagnosis  of  ulcer. 

Another  point  to  be  held  clearly  in  mind  by  both  clinician  and 
roentgenologist  is  that  when  there  are  many  inflammatory  adhesions 
about  the  gallbladder,  pylorus,  and  duodenum,  there  is  often  deformity 
and  obstruction  to  mislead  the  roentgenologist,  and  quite  enough  to  give 
decided  gastric  symptoms.  Then  if  the  gallbladder  is  the  real  lesion, 
we  may  have  added  tbe  dyspeptic  symptoms  thus  induced  and  the  whole 
picture  will  be  clearly  that  of  ulcer,  both  from  the  standpoint  of  the 
roentgen  ray  and  tbe  history.  Such  diagnosis  is  warranted;  it  is  the 
logical  one,  and  reflects  on  none  of  those  who  make  it. 

The  x-ray  lessens  such  errors  in  diagnosis  when  the  clinician  turns  to 
it  for  help.  If  symptoms  are  properly  interpreted,  if  the  roentgenogram 
has  been  skilfully  read  and  both  findings  wisely  correlated,  a  fewer 
number  of  ulcer  cases  will  shp  by  on  a  gallstone  diagnosis. 

The  roentgen  ray  is  the  great  modem  boon  to  gastric  diagnosis — the 
real  comfort  to  the  clinician  who  plods  along,  discussing  histories,  and 
no  one  should  appreciate  its  value  or  its  limitations  half  so  much  as  the 
clinician.  Roentgenography  has  its  limitations,  but  it  opens  up  a  won- 
derful field  of  possibilities.  It  has  improved  gastric  diagnosis,  it  has 
stimulated  the  writers  of  clinical  histories  to  better  service.  Who  has 
not  determined  to  do  more  careful  history  writing,  interpreting,  and 
summarizing  when  tbe  x-ray  bas  upset  the  diagnosis?  What  clinician  has 
not  felt  the  great  relief  of  certainty  when  the  ray  has  shown  a  lesion 
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after  the  history  had  failed  to  get  the  coveted  symptoms?  And,  too, 
when  the  history  has  been  clear  and  the  ray  has  located  the  lesion,  who 
has  not  felt  that  comforting  assurance  that  he  could  approach  his  patient 
quite  fully  equipped  to  advise  treatment,  readily,  more  willingly,  and 
more  completely?  A  closer  cooperation  between  the  roentgenologist 
and  the  clinician  will  mean  a  better  interpretation  of  symptoms  and 
methods,  and  a  clearer  correlation  of  all.  Indeed,  this  close  co5peration 
promises  such  advances  in  the  near  future  that  gastric  diagnosis  will 
have  less  for  which  to  apologize. 
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ROENTGEN  DIAGNOSIS  OF  CONCURRENT 
GASTRIC  AND  DUODENAL  ULCER* 

R.  D.  CARMAN 


The  object  of  this  paper  is  to  call  attention  to  the  frequent  concur- 
rence of  gastric  and  duodenal  ulcer  and  the  possibility  of  discovering  both 
conditions  in  a  given  instance  with  the  roentgen  ray. 

In  the  Mayo  Clinic,  during  the  year  of  1916,  sixteen  patients  were 
found  at  operation  to  have  both  gastric  and  duodenal  ulcers.  In  this 
same  year  the  total  number  of  cases  of  gastric  ulcer  in  which  operation 
was,  performed  was  139  and  the  total  number  of  cases  of  duodenal  ulcer 
was  490.  In  other  words,  11.5  per  cent  of  the  patients  having  gastric 
ulcer  had  duodenal  ulcer  also,  and  3.2  per  cent  of  the  patients  with  duod- 
enal ulcer  had  associated  gastric  ulcers.  The  diagnosis  of  these  lesions 
when  they  coexist  is,  tberefore,  of  some  practical  moment. 

A  purely  clinical  diagnosis,  or  rather,  a  diagnosis  independent  of 
roentgen  assistance,  is  obviously  not  feasible.  Even  when  either  con- 
dition exists  alone  the  clinical  differentiation  between  them  is  often 
impossible,  and  the  roentgen  ray  is  commonly  utilized  as  an  aid.  Like- 
wise, when  both  lesions  are  present  we  are  usually  obliged  to  depend  on 
the  roentgen  examination  to  establish  the  fact. 

The  16  patients  mentioned  were  all  examined  by  the  roentgen  ray, 
Frank  admission  must  be  made  that  in  only  7  of  these  was  the  presence 
of  both  lesions  discovered  by  the  roentgen  examination.  However,  for 
reasons  that  will  be  set  forth,  it  is  probable  that  this  small  number  does 
not  fairly  represent  the  limits  of  efficiency  of  the  roentgen  method.  In 
S  cases  diagnoses  of  gastric  ulcer  alone  were  made,  in  6  cases,  of  duodenal 
ulcer  alone,  and  in  1  case  the  diagnosis  was  gastric  cancer.  Thus  in  all  of 
the  16  cases  there  were  roentgen  signs  of  a  pathologic  condition,  arid  with 
the  one  exception  correct  diagnoses  were  made  either  wholly  or  in  part. 

The  roentgen  signs  of  gastric  and  duodenal  ulcer  include  phenomena 
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CANCER  OF  THE  STOMACH* 

W.  J.  MAYO 


More  than  30  per  cent  of  all  cancers  in  civilized  man  are  in  the 
stomach.  Why  should  there  be  such  an  enormous  percentage  of  c; 
of  the  stomach?  This  manifestation  of  malignant  disease  is  u 
in  lower  animals  and  primitive  man,  yet  there  is  comparatively  no 
essential  secretory  or  mechanical  difference  in  the  function  or  structure 
of  the  stomach.  It  has  been  suggested  that  the  disease  is  connected  with 
the  formation  of  an  acid  secretion.  As  far  as  I  know,  no  gland  in  the 
human  body  secretes  an  acid.  In  the  colon  the  acidity  is  not  a  secretion 
of  the  mucous  membrane,  but  is  due  to  bacterial  action.  The  kidney 
has  no  true  secretion;  it  is  a  filter  from  which  acid-forming  bodies  are 
excreted.  The  stomach  does  not  secrete  acid;  the  material  for  the 
formation  of  acid  is  brought  together  on  the  surface  of  the  mucous 
membrane  and  the  acid  is  formed  not  within  but  outside  the  glands. 
Acidity  of  secretion  and  changes  incident  to  disturbed  storage  function 
may  be  contributory  factors,  but  evidently  they  are  not  the  resjransible 
agents. 

Does  the  cause  concern  food  or  drink?  The  difference  in  the  nature 
of  the  food  and  drink  of  lower  animals,  primitive  man,  and  civilized  man 
is  not  sufficiently  great  to  lead  to  the  belief  that  food  or  drink  of  them- 
selves could  be  looked  upon  as  the  important  factors. 

May  it  not  he  some  process  to  which  civilized  man  subjects  food  or 
his  manner  of  partaking  it  that  is  the  exciting  agent?  The  only  known 
fact  regarding  the  causation  of  cancer  is  the  influence  of  chAinic  irrita- 
tion on  its  production.  Whenever  cancer  exists  in  one  species  of  animal 
or  race  of  men  in  an  enormous  excess  of  what  occurs  in  other  animals  or 
other  races  of  men,  it  has  been  found  owing  to  a  single  cause.  Were 
there  many  causes,  some  would  be  operative  among  all. 

The  relation  of  chronic  irritation  to  the  more  familiar  forms  of  cancer 
is  an  interesting  study.     For  instance,  I  have  been  able  to  find  some 
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evidence  that  cancer  of  the  breast  was  an  extremely  rare  disease  in  all 
races  of  people  in  whom  the  entire  breast  was  left  uncovered  and  exposed 
to  the  air,  and  that  the  frequency  of  this  manifestation  of  malignancy 
was  in  proportion  to  the  covering  of  the  breast  and  the  pressure  exerted 
by  the  covering. 

The  theory  that  the  frequency  of  cancer  of  the  stomach  in  civilized 
man  is  the  result  of  hot  food  and  drinks  which  act  to  cause  chronic  irri- 
tation of  the  gastric  mucosa  is  worthy  of  consideration.  The  infre- 
quency  of  malignant  disease  of  the  stomach  in  animals  and  primitive 
man  would  then  be  explained  by  the  fact  that  they  take  their  food  and 
drinks  cold.  At  the  general  meeting  of  the  American  Medical  Associa- 
tion in  1918'  I  called  attention  to  the  possibility  that  hot  drinks  might 
be  the  exciting  agent,  and  during  the  past  two  years  further  investiga- 
tion of  the  circumstantial  evidence  related  to  the  facts  leads  me  to  be- 
lie^'e  that  it  may  be  one  if  not  the  main  cause  of  the  tissue-changes  which 
precede  cancer  of  the  stomach. 

Why  should  cancer  of  the  stomach  be  more  frequent  in  the  male 
(38  per  cent)  than  in  the  female  (82  per  cent)?  A  possible  answer  to 
this  question  is  furnished  in  the  frequency  of  cancer  of  the  posterior 
wall  of  the  pharynx  and  upper  gullet  in  Chinese  men,  who  are  served 
first  while  the  rice  is  hot;  the  women  eat  at  the  second  table,  when  the 
rice  is  cold,  and  rarely  have  cancer  in  this  region.  It  is  the  social  custom 
of  modem  civilization  for  the  lady  of  the  house  to  serve  the  beverages — 
herself  Ust. 

That  heat  has  a  remarkable  influence  in  the  production  of  chronic 
irritation  has  been  known  from  the  beginning  of  observations  on  cancers. 
Smokers'  cancer  of  the  lip,  for  obvious  reasons,  is  almost  confined  to  the 
male  sex.  The  Kangri  bum  cancer  of  the  Kashmir  natives  comprise 
more  than  half  of  the  cancer  of  this  race.  They  carry  a  clay  charcoal 
bumer  in  a  wicker  basket  across  the  lower  abdomen  when  they  go 
into  the  mountains  and,  as  a  result,  have  heat  irritation  which  acts 
to  cause  cancer  of  the  lower  abdomen  and  groins. 

Here  again  the  disease  is  largely  among  men  because  they  are  most 
frequently  subjected  to  this  form  of  tissue-insult.  Locomotive  engineers 
who  are  for  years  subjected  to  the  prolonged  heat  of  the  fire-box  have 
cancer  of  the  shins  arising  from  chronic  heat  irritation.  Cancer  of  the 
skin  of  the  face,  which  occurs  so  frequently  among  Australians  that  it  is 
often  called  the  Australian  disease,  begins  in  a  peculiar  climatic  heat 
irritation. 
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A  high  percentage  of  persons  take  their  drinks  hotter  than  can  be 
borne  comfortably  in  the  mouth.  It  has  been  shown  by  x-ray  workers 
that  when  the  stomach  contains  much  food  and  drinks  are  taken,  these 
drinks  are  not  carried  directly  into  the  cavity  of  the  stomach,  but,  by  a 
peculiar  muscular  contraction  a  canal  (canaliculus  gastricus)  is  formed 
in  the  lesser  curvature  along  which  the  fluids  are  rapidly  passed  into  the 
duodenum.  Eighty-five  per  cent  of  all  cancers  and  ulcers  of  the  stomach 
involve  the  lesser  curvature,  and  they  may  have  a  common  cause.  The 
mouth  and  gullet  are  protected  by  pavement  epithelium  and  possess 
sensitive  nerves  which  give  warning  of  injury;  the  stomach  has  no  such 
protection. 

Newer  and  better  methods  of  diagnosis  within  the  past  few  years 
have  greatly  extended  operability  and  made  possible  radical  procedures 
in  an  increasing  number  of  patients.  The  early  diagnosis  of  cancer  of 
the  stomach  depends  on  the  roentgen  examination.  Carman  has  shown 
that  cancer  of  the  stomach  may  be  demonstrated  in  95  per  cent  of  cases 
in  this  way  by  the  time  they  give  sufficient  evidence  of  their  presence  to 
call  the  patient's  attention  to  the  fact  that  something  is  wrong.  Every 
person  in  whom  there  is  suspicion  of  cancer  of  the  stomach  should  be 
promptly  subjected  to  examination  by  the  roentgen  ray.  All  persons 
with  an  anemia  which  cannot  be  otherwise  explained  should  be  subjected 
to  such  examination.  Cancer  of  the  body  of  the  stomach  and  cancer  of 
the  cecum  and  ascending  colon  may  produce  striking  anemias  early,  be- 
>  fore  there  afe  local  symptoms. 

Mechanical  conditions  arising  from  the  frequency  with  which  the 
disease  originat«s  in  the  pyloric  end  of  the  stomach  is  a  fortunate  occur- 
rence and  leads  to  early  diagnosis.  The  presence  of  a  movable  tumor 
in  this  situation,  even  of  considerable  size,  is  a  favorable  indication  and 
not,  as  it  is  so  frequently  looked  upon,  a  sign  of  inoperability.  If  the 
cancer  as  it  appears  in  the  stomach  is  mechanically  removable,  even  if 
ali  the  glands  and  indurated  tissue  cannot  be  removed,  I  believe  resection 
is  still  advisable.  The  mortality  will  be  very  little  higher  than  after 
gastro-enterostomy,  palliation  will  be  many  times  greater,  and  occa- 
sionally a  patient  will  be  cured.  I  have  never  forgotten  a  lesson  learned 
from  a  search  of  our  statistics  on  gastro-enterostomy  for  the  palliation 
of  clinically  inoperable  cancer  of  the  stomach,  in  which  a  section  had 
not  been  removed  for  microscopic  examination.  Five  of  the  patients 
operated  on  in  this  manner  lived  more  than  five  years,  showing  that  a 
clinical  diagnosis  of  inoperable  cancer  is  open  to  error. 
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Chronic  ulcer  of  the  stomach  is  not  often  cured  medically,  and  I  am 
convinced  it  is  a  potential  source  of  gastric  cancer.  We  cannot  question 
the  fact  that  in  the  past  many  patients  have  been  treated  for  the  diagno- 
sb  of  ulcer,  not  for  the  disease.  When  ulcer  is  shown  in  the  roentgeno- 
grams, other  things  being  equal,  it  should  be  removed  by  actual  excision 
and  gastro-enterostomy,  which  ^ves  a  mortality  of  about  5  per  cent; 
or  better,  after  the  removal  of  tissue  for  microscopic  examination  by 
frozen  section,  the  ulcer  should  be  burned  out  with  the  cautery  after 
the  method  of  Balfour,'  and  followed  by  gastro-enterostomy.  There 
were  but  two  deaths  in  198  operations  by  the  latter  method  (a  mortality 
of  about  1  per  cent). 

In  cases  of  cancer  of  the  pylorus,  resection  by  the  second  method  of 
Biiiroth  leaves  little  to  be  desired.  For  cancerous  ulcers  high  up  on  the 
body  of  the  stomach,  occasionally  a  resection  in  continuity  (segmental 
resection)  may  be  indicated,  but  for  cancer  of  the  pyloric  end  of  the 
stomach  and  lesser  curvature,  which  constitute  the  great  majority  of 
cases,  wide  removal  followed  by  closure  of  the  end  of  the  duodenum  and 
direct  anastomosis  between  the  cut  end  of  the  stomach  and  the  side  of 
the  jejunum — antecolic — is  the  operation  of  choice.  This  method  ex- 
tends operabiiity,  and  enables  the  speedy  removal  of  growths  which 
would  not  be  operable  by  any  other  method  with  which  I  am  acquainted. 
On  a  number  of  occasions  the  operation  has  been  completed  in  less  than 
forty  minutes. 

The  posterior  end-to-side  operation  as  first  described  and  practised 
did  not  produce  better  operative  mortality  statistics  than  the  Billroth 
Vo.  2,  but  it  did  increase  operabiiity.  The  cause  of  the  mortality  in  the 
posterior  method  (end  of  the  stomach  with  the  side  of  the  jejunum) 
concerned  the  transverse  colon  and  transverse  mesocolon.  It  was 
difficult,  consumed  time,  and  occasionally  it  was  impossible  to  fasten 
the  anastomosed  area  below  the  opening  in  the  transverse  mesocolon. 
If  this  was  not  done,  the  mechanical  conditions  often  proved  unsatisfac- 
tory. By  the  antecolic  method  a  length  of  jejunum,  sufficient  for  a  free 
loop  (16  to  18  inches),  is  passed  around  the  omentum  and  transverse 
colon,  and  easily  brought  to  the  gastric  stump  for  anastomosis.  By 
this  method  it  was  found  possible  to  reach  a  point  for  section  still  higher 
on  the  stomach  than  by  any  previous  method,  and  the  mortality  dropped 
from  IS. 2  per  cent  average  to  6  per  cent  in  an  equally  advanced  or  even 
more  advanced  group  of  cases. 

Some  of  the  operations  in  our  series  were  very  extensive.     In  nine 
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cases  the  resections  were  subtotal,  that  is,  the  whole  of  the  stomach  was 
removed,  except  just  enough  to  enable  an  anastomosis  to  be  made.  In 
one  instance  I  removed  the  entire  stomach  by  the  Moynihan  method 
and  with  it  a  margin  of  the  esophagus.  The  patient  made  an  excellent 
recovery  and  has  surprisingly  good  function. 

What  results  may  be  expected  from  radical  operations  for  cancer  of 
the  stomach?  We  have  eliminated  all  resections  of  the  stomach  made 
previous  to  1897,  as  up  to  that  time  a  specimen  was  not  regularly  sub- 
jected to  microscopic  examination.  Taking  the  twenty  years  from 
October  10,  1897,  to  October  10,  1917,  there  were  651  resections  of  the 
stomach  for  cancer.  Of  427  patients  operated  on  more  than  three  years 
ago  who  recovered  from  the  operation,  Sll  have  been  traced;  120  (38.6 
per  cent)  were  alive  three  years  or  more  after  operation.  Of  813  patients 
who  were  operated  on  more  than  five  years  ago,  239  who  recovered  from 
the  operation  were  traced,  and  62  (26  per  cent)  of  these  were  alive  fi^-e 
years  or  more  after  operation.  In  compiling  these  statistics  we  have 
assumed  that  the  deaths  which  occurred  were  from  recurrence  of  cancer. 
This  assumption  is  unwarranted,  as  the  Medico- Actuarial  Mortality 
Investigation  Tables  show  a  normal  death-rate  at  the  average  age  of 
these  patients  (fifty-two  years)  of  4.2  per  cent  for  a  three-year  period  and 
7,5  per  cent  for  a  five-year  period.  These  percentages,  so  far  as  the  cure 
of  cancer  is  concerned,  could  be  fairly  subtracted  from  the  death-rate 
and  add  by  so  much  to  the  percentage  of  cures.  It  has  been  our  exper- 
ience that  the  patients  we  have  not  been  abie  to  trace  following  opera- 
tion and  whose  ultimate  condition  has  been  ascertained  in  after  years 
have  shown  a  higher  than  average  percentage  of  cures.  No  special 
effort  was  made  to  trace  patients  after  the  five-year  period,  but  inci- 
dentally it  was  learned  that  35  lived  six  years  or  more  after  operation, 
27  lived  seven  years  or  more  after  operation,  18  lived  eight  years  or  more, 
10  lived  nine  years  or  more,  7  lived  ten  years  or  more,  5  lived  eleven 
years  or  more,  3  lived  twelve  years  or  more,  and  one  lived  more  than 
fifteen  years  after  operation.  These  statistics  of  actual  cures  compare 
favorably  with  those  of  cancer  in  other  parts  of  the  body  and  show  that 
the  radical  treatment  of  cancer  of  the  stomach  is  keeping  pace  with  the 
modem  treatment  of  cancer  in  general. 
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THE  SURGICAL  SIGNIFICANCE  OF  GASTRIC 
HEMORRHAGE* 

D.  C.   BALFOUR 


From  a  surgical  standpoint,  hematemesis  is  caused  by,  or  occurs 
with,  first,  primary  lesions  in  the  stomach  and  duodenum,  such  as  ulcer, 
cancer,  tuberculosis,  syphilis,  and  benign  tumors;  and  second,  certain 
diseases  and  infections  which  are  not  necessarily  associated  with  recog- 
nizable changes  in  the  gastric  mucosa. 

In  the  first  group,  namely,  those  cases  in  which  there  is  a  chronic 
gastric  or  duodenal  lesion,  both  diagnosis  and  treatment  are  on  a  rela- 
tively satisfactory  basis,  and  the  general  surgical  principles  applicable 
in  the  treatment  of  the  most  common  cause  of  hematemesis  in  the  group, 
that  is,  gastric  or  duodenal  ulcer,  are  more  or  less  accepted.  These 
bleeding  ulcers  may  be  conveniently  divided  into  two  groups,  namely, 
those  ulcers  in  which  there  has  been  a  history  of  bleeding,  and  those  in 
which  active  bleeding  is  taking  place. 

1.  The  indications  for  surgical  treatment  of  the  patient  with  a  history 
of  single  or  recurring  gastric  hemorrhages  in  whom  a  diagnosis  of  ulcer 
can  be  established  are  positive.  It  has  been  our  experience  that  to 
depend  on  gastro-enterostomy  alone  for  the  treatment  of  ulcer  which 
has  been  associated  with  bleeding  is  to  court  recurrence  of  the  hemor- 
rhage, and  that  to  obviate  further  hemorrhages,  excision,  preferably  by 
cautery  or  resection  of  the  ulcer,  is  imperative. 

i.  The  management  of  the  ulcer  which  is  the  cause  of  continuous, 
active  bleeding  has  been  the  subject  of  considerable  controversy.  Then; 
are  no  means  of  estimating  the  size  of  the  bleeding  vessel.  As  a  single 
gastric  ulcer  hemorrhage  is  rarely  fatal,  the  margin  of  safety  usually 
permits  delay  until  lowered  blood-pressure  has  allowed  clotting  to  take 
place.  Death  due  to  hemorrhage  from  gastric  ulcer  has  usually  been  the 
result  of  repeated  hemorrhages  at  comparatively  short  intervals.     A 

*  Read  before  the  Section  on  Surgery,  General  and  Abdominal,  at  the  Sixty-Eighth 
Anoual  Session  of  the  American  Medical  Association,  New  York.  June.  1917.  Reprinted 
from  Jour.  Am.  Med.  Assn..  1917,  htix.  465,  466. 
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recurrence  of  bleeding,  therefore,  a  few  days  after  a  serious  hemorrhage 
is  more  than  a  sufficient  indication  for  operating  during  the  active 
hemorrhage,  rather  than  to  risk  further  delay.  In  repeated  or  con- 
tinuous small  hemorrhages,  which  do  not  threaten  the  life  of  the  patient, 
transfusion  has  proved  of  the  greatest  value,  not  only  in  controlling  the 
bleeding  by  the  introduction  of  the  necessary  elements  for  clotting,  but 
also  adding  greatly  to  the  safety  of  later  operative  measures  for  the  ulcer. 

In  the  second  group  of  cases  of  hematemesis,  namely,  the  c&aes  in 
which  there  is  no  surgical  lesion  in  the  stomach,  a  variety  of  diseases  and 
conditions  call  for  consideration,  and  they  may  advantageously  be 
divided  into  groups  as  follows: 

1.  Cases  in  which  there  are  recognizable  changes  in  the  liver  or 
spleen  or  both;  a  group  in  which  hepatic  cirrhosis  and  splenic  anemia 
are  representative. 

i.  Cases  in  which  a  chronic  infective  focus,  such  as  a  diseased  appen- 
dix or  gallbladder,  is  apparently  responsible  for  the  bleeding. 

3.  A  group  which  includes,  in  the  main,  such  acute  infections  as 
typhoid,  pneumonia,etc.;  multiple  hemorrhagic  erosions;  caaesin  which 
no  changes  can  be  demonstrated  either  at  necropsy  or  operation,  and 
the  cases  of  "gastrostaxis"  of  Hale  White. 

The  differential  diagnosis  of  these  various  groups  is  not  made  without 
difficulty,  and  the  ordinary  difficulties  are  exaggerated  by  the  fact  that 
many  conditions,  such  as  hepatic  cirrhosis,  appendicitis,  or  gallbladder 
disease,  are  associated  with  disturbances  in  gastric  digestion,  which  may 
easily  be  misinterpreted  as  due  to  ulcer.  Hematemesis  added  to  such  a 
syndrome  has  not  infrequently  resulted  in  unnecessary  and  unsuccessful 
operations  based  on  an  erroneous  diagnosis  of  gastric  ulcer. 

Hepatic  cirrhosis  and  splenic  anemia  are  relatively  often  the  cause 
of  hematemesis  in  this  extrinsic  group,  and  if  one  bears  in  mind  the  ease 
with  which  mucosal  hemorrhages  take  place  in  these  diseases,  and  the 
fact  that  such  hemorrhages  have  the  same  characteristics  as  those  asso- 
ciated with  the  other  more  or  less  obscure  causes  in  the  group,  it  seems 
to  be  suggested  that  the  liver  or  spleen  or  both  offer  a  key  to  the  explana- 
tion as  to  the  manner  in  which  many,  if  not  ail,  these  mysterious  hemor- 
rhages take  place. 

The  close  association  of  the  spleen  and  the  liver,  both  in  the  normal 
physiologic  and  anatomic  relationship,  and  in  disease  processes,  neces- 
sitates the  most  careful  consideration  of  the  spleen  in  all  conditions  which 
involve  the  portal  circulation.     It  must  be  remembered,  too,  that  the 
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spleen,  or  liver,  or  both,  may  be  responsible  for  gastric  hemorrhage,  and 
yet  themselves  not  exhibit  any  evidences  of  disease.  I  recently  pub- 
lished the  history  of  a  case  in  which  I  removed  a  slightly  enlarged  spleen, 
chiefly  on  an  empirical  basis,  from  a  patient  who  had  had  various 
operations,  mainly  gastric,  in  an  effort  to  find  the  cause  of,  and  to  pre- 
vent, gastro-intestinal  bleeding.  This  patient  has  had  no  bleedin);  since 
the  splenectomy.  Various  writers,  particularly  Rolleston,'  have  attri- 
buted gastric  hemorrhage  in  such  cases  to  a  "latent"  hepatic  cirrhosis. 

The  treatment  by  splenectomy  of  moderately  advanced  hepatic 
cirrhosis  is  as  yet  in  the  experimental  stage.  The  disease  is  usually  so 
slowly  progressive  that  even  though  the  immediate  results  have  been 
satisfactory,  we  do  not  feel  justified  in  drawing  conclusioos  from  the  cases 
in  which  we  have  performed  splenectomy.  Nevertheless,  there  appears 
to  be  a  definite  group  of  so-called  primary  hepatic  cirrhoses  produced 
by  toxins  originating  in,  or  elaborated  in,  the  spleen.  So  in  those  cases 
in  which  hematemesis  occurs  in  what  might  be  termed  the  precirrhotic 
stage  of  hepatic  cirrhosis,  that  is,  when  the  cirrhotic  changes  are  scarcely 
visible  either  grossly  or  microscopically,  splenectomy  may  be  indicated, 
if  the  spleen  is  large.  Under  such  circumstances  the  operation  may  be 
looked  on  as  probably  a  curative  measure. 

It  is  a  significant  fact  that  in  those  cases  of  gastric  hemorrhage  which 
show  only  slight  erosions  in  the  mucosa  of  the  stomach,  microorganisms 
may  be  obtained  from  the  depths  of  the  erosions  and  the  same  organisms 
may  be  obtained  from  the  spleen  {Rosenow');  moreover,  it  has  been 
shown  that  various  forms  of  encapsulated  bacilli  will  produce  gastric  and 
intestinal  hemorrhages.  These  bacteria,  although  differing  in  some 
respects,  have  one  power  in  common,  namely,  the,  power  to  exert  a 
"specific  effect  on  blood-vessels  and  produce  changes  in  the  blood  itself. " 
Litzenberg  early  reported  the  recovery  of  the  bacillus  of  Friedl&nder 
from  hemorrhagic  areas  in  the  mucosa  of  the  stomach  and  intestine  of  a 
child  dying  from  gastro-intestinal  hemorrhage.  We  know  also  that  in 
certain  cases  of  syphilis  associated  with  anemia  the  spleen  contains 
spirochetes  in  large  numbers  (Giffin*).  The  liver,  deriving  as  it  does  a 
large  quantity  of  its  blood  from  the  spleen,  has  every  opportunity  for 
picking  up  toxins  and  bacteria  from  the  spleen.  Thus  the  spleen  must 
also  be  recognized  as  a  possible  causative  factor,  not  only  of  changes  in 
the  liver,  but  directly  or  indirectly,  of  gastric  hemorrhage. 

In  recurring  gastric  hemorrhage  in  which  demonstrable  lesions  in  the 
stomach  or  duodenum  are  not  present,  and  other  extrinsic  causes  have 
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been  excluded,  the  r6le  of  the  spleen  should  be  investigated.  It  is  even 
possible  that  in  such  cases  when  bleeding  is  sufficient  to  ei\danger  the 
patient's  life  and  when  the  primary  focus  of  infection  is  not  determined, 
splenectomy  (if  the  spleen  is  enlarged)  may  be  an  indication  by  reason 
of  the  mechanical  influence  of  lessening  the  venous  return  to  the  stomach. 

The  group  of  cases  in  which  there  is  an  obvious  focus  of  infection 
includes  cholecystitis,  pancreatitis,  salpingitis,  tuberculous  peritonitis, 
and  appendicitis.  In  these  and  other  conditions,  gastric  hemorrhage 
may  occur,  and  not  only  is  a  positive  diagnosis  usually  possible,  but 
treatment  as  a  rule  is  successful. 

Several  cases  of  gastric  hemorrhage  have  been  observed  in  our  clinic 
in  which  there  was  well-marked  appendicitis,  and  appendectomy  seemed 
to  show  that  the  appendix  had  been  the  primary  cause  of  the  bleeding. 
Moynihan*  early  drew  attention  to  this  fact.  Eusterman'  has  shown 
that  about  i  per  cent  of  appendix  cases  and  about  5  per  cent  of  gall- 
bladder cases  with  marked  reflex  gastric  symptoms  gave  a  history  of 
previous  bleeding.  The  spleen  also  may  act  as  a  primary  focus  of  infec- 
tion, although  our  present  knowledge  would  indicate  that  it  acts  rather 
as  a  medium  through  which  infection  from  a  distant  focus  is  transmitted 
to  the  liver. 

The  group  of  cases  in  which  fatal  or  serious  gastric  hemorrhage  occurs 
and  no  cause  can  be  demonstrated  has  been  the  subject  of  much  contro- 
versy. Unless  the  primary  cause  for  such  hemorrhage  is  found,  surgical 
treatment  is  not  clearly  indicated,  and  the  same  statement  is  true  re- 
garding those  acute  infections,  such  as  typhoid,  pneumonia,  and  in  cases 
of  mucous  erosions  which  are  so  often  multiple  and  occasionally  seen 
at  necropsy. 

In  reviewing  these  various  groups,  there  are  several  facts  which 
strongly  suggest  that  gastric  hemorrhage  may  be  produced  through  the 
same  channel  in  all,  namely,  the  portal  circulation.  We  know,  for 
example,  that  hepatic  cirrhosis  is  a  frequent  cause  of  hematemesis;  that 
hepatic  cirrhosis  is  often  toxic  in  origin  (Adami^);  that  a  large  part  of 
the  blood  of  the  body  is  transmitted  through  the  liver;  and  that  toxic 
foci  which  are  associated  with  gastric  hemorrhage  are  found,  especially 
in  the  abdomen.  Is  it  not  possible  that  these  various  focal  infections 
produce  chemical  or  physiologic  changes  in  the  liver,  changes  which,  if 
the  cause  is  not  eradicated,  progress  to  the  cirrhotic  liver.*  It  would 
seem  further  possible  that  the  liver  under  such  circumstances  may  in 
some  manner  sufficiently  lower  the  resistance  of  the  gastric  nmcosa  to 
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permit  the  bacteria,  which  are  consistently  present  in  both  true  gastric 
ulcer  and  in  mucous  erosions,  and  which  may  reach  the  stomach  either 
by  the  blood  stream  or  by  the  food,  to  set  up  those  diffuse  or  localized 
tissue  changes. 

In  other  words,  it  is  probable  in  many  of  these  gastric  hemorrhages 
in  which  a  primary  causative  focus  is  established,  that  the  conditions 
which  result  in  hematemesis  are  largely  under  the  control  of  the  liver; 
and  since  the  spleen  is  so  intimately  concerned  in  the  functions  of  the 
liver,  it.  too,  must  be  looked  on  as  an  important  factor. 

Recapitulation 

It  should  be  emphasized  that  the  sui^ical  significance  of  gastric 
hemorrhage  demands: 

1.  The  proof  that  a  gastric  hemorrhage  has  taken  place. 

i.  The  determination  and  eradication  of  the  originating  cause, 
whether  chronic  surgical  lesions  in  the  stomach,  or  extrinsic  foci. 

3.  The  treatment  of  the  hemorrhage  per  se,  the  general  indication 
being  to  carry  out  operative  treatment  during  the  interval  between 
hemorrhages. 

4.  The  recognition  of  the  possibility  that  many  of  the  extrinsic  causes 
of  gastric  hemorrhage  are  toxic  in  nature,  and  that  the  infection  takes 
place  by  means  of  the  portal  circulation  through  the  liver. 

5.  That  not  only  is  the  liver  of  first  importance  in  these  heretofore 
unexplained  hemorrhages,  but  the  spleen,  by  reason  of  its  close  associa- 
tion with  the  hver,  is  probably  an  important  factor  in  the  problem.' 
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Gastric  surgery  has  attained  its  present  high  place  as  a  result  not 
only  of  the  impetus  received  from  the  early  contributions  of  American 
and  English  surgeons,  but  also  from  an  increasing  cooperation  between 
clinician,  roentgenologist,  and  surgeon,  the  investigation  of  the  causes 
of  past  failures,  a  clearer  conception  of  the  indications  for  operation, 
the  more  c&reful  observance  of  general  surgical  principles;  and  par- 
ticularly a  more  intelligent  appreciation  of  the  specific  merits  of  the  many 
technical  procedures,  old  and  new,  which  are  at  the  disposal  of  the 
surgeon  in  the  treatment  of  benign  gastric  and  duodenal  lesions.  Fur- 
ther progress  can  well  be  expected  as  the  experience  of  those  who  arc 
particularly  interested  in  the  subject  of  gastric  surgery  becomes  avail- 
able, and  it  is  with  this  in  mind  that  I  draw  attention  to  the  operation 
of  gastroduodenostomy. 

Gastroduodenostomy  is  not  an  infrequent  operation,  inasmuch  as 
the  various  types  of  pyloroplasties  (Finney,  Heinecke,  Mikulicz,  etc.) 
are  essentially  anastomoses  between  stomach  and  duodenum.  The 
operation  to  which  I  have  reference  does  not  include  in  its  technic  any 
interference  with  the  pylorus,  nor  does  it  utilize  the  ulcer  callus  as  any 
part  of  the  posterior  wall  of  the  anastomosis.  In  other  words,  the  ulcer 
area  is  purposely  avoided  and  the  anastomosis  is  made  entirely  in 
healthy  tissue. 

Historically  the  operation  of  gastroduodenostomy  is  of  some  interest. 

Moynihan  credits  Jaboulay  as  the  first  to  suggest  and  carry  out 
gastroduodenostomy  (1892  and  1894).  Many  modifications  of  this 
principle  have  been  proposed.  Kilmmctl  divided  the  duodenum,  closed 
the  proximal  end,  and  implanted  the  distal  into  the  anterior  wall  of  the 
stomach  near  the  greater  curvature.  Billroth,  Villard,  Terrier,  and 
Kochet  devised  other  methods  of  accomplishing  the  operation.  Kocber 
D  Ociober  1,  1&17.    R^prinled  from  the  Ann.  Surg.,  ISle, 
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advised  an  elaborate  mobilization  of  the  duodenum  (the  descending  and 
a  considerable  portion  of  the  transverse  colon)  by  dividing  the  parietal 
peritoneum  covering  the  kidney.  The  operation  he  named  "lateral 
gastroduodenostomy. "  In  this  country  by  far  the  most  popular  form 
of  this  principle  has  been  the  pyloroplasty  of  Finney,  an  operation  which 
has  the  advantage  of  permitting  under  certain  conditions  the  safe  excision 
of  the  ulcer,  as  well  as  making  possible  the  inspection  of  the  mucosa  in 
the  immediate  vicinity  of  the  pylorus. 

It  is  important  to  become  familiar  with  these  various  methods  and 
to  know  their  indications.  For  only  with  such  knowledge  will  the  error 
of  forcing  a  favored  operation  to  apply  to  unsuitable  conditions  be 
avoided.  The  circumstances  we  have  recognized  as  justifying  a  gas- 
troduodenostomy of  the  type  described  herein  are  as  follows: 

1.  A  pyloric  lesion  or  a  lesion  involving  the  pylorus,  associated  with 
marked  obstruction,  with  more  or  less  ballooning  of  the  duodenum,  pro- 
ducing a  deformity  the  counterpart  of  an  hour-glass  stomach  (Figs.  19 
and  20).  Particularly  if  such  a  lesion  is  active  or  has  caused  the  pylorus 
to  become  fixed  to  pancreas  or  liver,  or  in  a  mass  of  adhesions,  should 
the  advisability  of  gastroduodenostomy  be  taken  into  consideration. 
At  the  same  time  we  would  still  give  posterior  gastrojejunostomy  the 
preference  in  this  group,  with  gastroduodenostomy  as  an  excellent 
alternative,  re8er\'ing  the  latter  as  the  operation  of  choice  in  the  groups 
to  follow. 

2.  Any  condition  such  as  those  indicated  in  Group  1,  complicated 
by  anatomic  derangements  (either  congenital  or  the  result  of  previous 
inflammatory  exudate)  of  a  nature  to  preclude  or  make  inadvisable  a 
posterior  gastrojejunostomy. 

3.  In  those  instances  in  which  patients  have  failed  to  obtain  the 
expected  relief  from  gastrojejunostomy  because  of  secondary  complica- 
tions, such  as  gastrojejunal  ulcer  and  mechanical  difEculties,  because 
the  operation  was  ill-advised  or  improperly  done,  or  because  of  unknown 
reasons.  In  such  cases  gastroduodenostomy  has  been  of  signal  value 
following  the  cutting-off  of  the  gastrojejunostomy  and  the  restoration 
of  the  walls  of  the  stomach  and  jejunum. 

It  should  be  mentioned  that  the  lesion  in  these  various  conditions, 
as  far  as  can  be  determined,  is  a  chronic  ulcer,  that  it  is  not  safely  excis- 
able, and  that  conditions  are  such  that  a  pylorectomy  is  not  justified 
because  of  the  operative  risk.    Our  operation  is  carried  out  as  follows: 

The  best  possible  exposure  and  mobilization  of  the  pyloric  end  of 
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the  stomach  and  duodenum  is  obtained.  In  many  cases  this  exposure 
is  already  strikingly  in  evidence,  while  in  others  much  aid  may  be 
gained  from  the  careful  division  of  the  adhesions  which  course  over  the 
prospective  field  of  operation.  Markers  are  now  placed  close  to  the 
inferior  border  of  the  duodenum  and  stomach  at  such  points  as  to 
insure,  when  approximated,  a  sufficiently  large  anastomosis.     A  line  of 


} 


fO, <JHlFodllOllVlKHtoin> 


interrupted  sutures  of  fine  silk  are  placed  posteriorly,  parallel  to  the 
pylorus,  and  usually  immediately  in  front  of  the  scarred  tissues.  A 
continuous  suture  of  fine  chromic  catgut  is  placed  in  front  of  the  silk 
suture,  extending  slightly  above  and  shghtly  below  the  proposed  opening. 
The  stomach  and  duodenum  are  now  opened,  actively  bleeding  vessels 
separately  ligated,  and  the  anastomosis  made  just  as  in  a  gastrojeju- 
nastomy  with  No.  i  chromic  catgut  (Fig.  21).     The  posterior  suture 
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lines  are  now  duplicated  anteriorly,  i.  e.,  a  row  of  fine  chromic  gut  and 
finally  a  few  interrupted  sutures  of  silk.  No  clamps  are  used,  but 
contamination,  although  not  possessing  serious  possibilities,  is  largely 
avoided  by  careful  isolation  of  the  operati^'e  field  and  by  suitable  wound 
protection. 

The  operation,  under  good  circumstances,  is  easier  and  can  be  done 
in  less  time  than  a  posterior  gastrojejunostomy.  In  other  cases,  how- 
ever (usually  when  the  operation  is  not  one  of  choice),  exposure  is 
di£Bcult  on  account  of  the  deeply  placed  and  fixed  pylorus,  but  even  in 
these  unfavorable  cases  the  results  of  the  operation  and  its  adaptability 
to  specific  conditions  have  been  exceedingly  satisfactory. 
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RESTORATION  OF  GASTRaiNTESTINAL  CON- 
TINUITY BY  MEANS  OF  ANTECOLIC  GASTRO- 
JEJUNOSTOMY FOLLOWING  PARTIAL  GASTREC- 
TOMY FOR  CANCER  OF  THE  PYLORIC  END  OF 

THE  STOMACH* 
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The  cure  of  cancer  of  the  stomach  by  surgical  removal  is  being 
accomplished  with  an  increasing  frequency,  a  fact  largely  due  to  the 
progress  whicli  has  been  made  in  the  two  most  important  phases  of  the 
subject,  viz.,  diagnosis  and  treatment. 

Prominent  factors  which  have  contributed  toward  more  accurate  and 
earlier  diagnoses  have  been:  The  better  appreciation  of  the  clinical 
history,  the  ic-ray,  and  the  relative  values  of  each,  the  recognition  of 
the  necessity  of  most  thorough  investigation  of  early  symptoms,  and 
particularly,  of  the  danger  of  neglecting  the  chronic  gastric  ulcer,  and 
a  decreasing  pessimism  on  the  part  of  both  the  laity  and  the  medical 
profession  in  their  attitude  toward  cancer  of  the  stomach. 

The  surgical  treatment  of  cancer  of  the  stomach  has  become  more 
efficient,  not  only  because  of  the  foregoing,  but  because  there  is  a  general 
improvement  in  surgical  technic,  a  more  exact  knowledge  of  the  surgical 
limitations  in  gastric  cancer,  and  the  development  of  the  technical 
methods  employed  in  gastric  resection. 

The  methods  of  gastric  resection  which  have  been  most  successful 
in  our  clinic  during  the  past  decade  are: 

1.  The  Billroth  No.  2  operation,  which  gave  decidedly  better  results 
than  any  of  the  preceding  methods.  It  was  employed  for  some  years 
with  much  satisfaction.  This  operation  of  resection  and  suture  pos- 
terior gastro-enterostomy  was  necessarily  varied  by  circumstances,  so 
that  anterior  gastro-enterostomy  and  a  Murphy-button  anastomosis 
occasionally  were  indicated  and  made  use  of  to  re&itablish  the  continuity 
of  the  gastro-intestinal  tract. 

n  Sept.  11,  IB17.     Reprinted  from  Surg.,  Gynec.  and  Obst., 
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8.  About  four  years  ago  the  so-called  Polya  operation,  which  seemed 
to  possess  quite  obvious  advantages  over  the  Billroth  No.  2  in  a  con- 
siderable percentage  of  cases,  was  adopted  in  the  Clinic.  This  opera- 
tion,    described     by 


) 


\V.  J.  Mayo  in  1915. 
while  followed  by  better 
results  than  the  Billroth  ^    ) 

Xo,  8,  still  presented 
technical  difficulties  un- 
der certain  conditions, 
particularly  following 
extensive  gastric  resec- 
tions. In  such  cases  it 
was  sometimes  quite 
impossible  to  bring  the 
gastric  stump  with  the 
attached  jejunum  satis- 
factorily through  and 
below  the  level  of  the 
opening  which  had  been 
made  in  the  transverse 
mesocolon. 

3.  During  the  past 
few  months  we  have  em- 
ployed a  method  which 
ha.s  gi\en  better  results 
than  any  we  have  here- 
tofore used,  and  inas- 
much as  it  has  other 
advantages,  we  now 
consider  it  the  l>est  rou- 
tine operation  for  the 
removal  of  gastric  can- 
cer. 

The  resection  is  car- 
ried out  in  the  ordinary  ...  .  „      

•'  Kig.  ii.— A,  TVtnd  irf  lb*  duodFniim  tin 

wav,  with  especial  at-  s?'*'"'  Thf,K»u«i"uwryu«<i(M.i(riimiiK.t 
tention  to  such  impor-  a^KS  •"aT.'|£,,5SS"'™~ 
Unl  point,  as  the  wide     bXS'iSS  J  it  T.S."  "''■"""" 
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removal  of  gland-bearing  tissue,  the  avoiding  of  injury  to  the  middle 
colic  blood  supply  of   the  transverse  colon,  the  resection   made  well 


beyond  the  cancer  limits,  the  cauterization  of  all  cut  mucous  surfaces 
to  prevent  cancer-cell  transplantation,  and  the  secure  inversion  and 
burial  of  the  duodenal  stump.     The  operative  field  is  inspected  and 
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carefully  isolated  by  fresh  packs,  and  the  second  stage  is  carried  out 
as  follows  (Figs.  28  and  23). 

The  first  loop  of  jejunum  is  procured,  and  a  point  about  14  to  18 
inches  From  the  duodenojejunal  angle  is  marked.  The  jejunum  is  then 
carried  up  in  front  of  the  transverse  colon  and  omentum  and  a  segment 
of  suitable  size  is  chosen  at  the  point  already  marked.  This  section  of 
jejunum  is  lightly  grasped  with  rubber-covered  forceps,  and  directed  so 
that  the  proximal  end  of  the  loop  will  be  approximated  to  the  lesser  cur- 
vature of  the  stomach.  A  series  of  interrupted  silk  sutures  in  the  serosa 
is  used  for  the  first  line  posteriorly,  beginning  at  the  greater  curvature, 
AU  these  sutures  are  placed  before  any  are  tied,  and  the  ends  of  the  top 
and  bottom  sutures  may  be  conveniently  left  as  guides.  The  first 
suture  line  is  about  one-half  inch  below  the  clamp  on  the  cut-end  of  the 
stomach,  and  on  the  side  of  the  jejunum  about  three-fourths  of  an  inch 
from  the  summit  of  the  loop.  In  extensive  resections  it  is  extremely 
important  to  get  the  best  possible  exposure  of  the  lesser  curvature,  for 
at  this  point  it  is  occasionally  difficult  to  make  a  secure  anastomosis, 
and  it  is  along  the  lesser  curvature  that  inflammatory  products  fre- 
quently extend,  rendering  the  gastric  wall  friable  and  a  distinct  source 
of  danger.  Any  measure  in  such  cases  which  will  prevent  retraction  of 
the  lesser  curvature  should  be  utilized.  We  still  find  the  right-angled 
rubber-covered  clamp  of  greatest  service  for  this  purpose.  The  jejuiium 
is  now  incised  on  the  line  (Fig.  24)  and  the  crushing  clamp  removed 
from  the  stomach.  (If  it  has  been  possible  at  any  previous  stage  in  the 
operation  to  place  without  difficulty  a  straight,  rubber-covered  clamp 
at  a  higher  level  on  the  stomach,  soiling  by  unevacuated  gastric  contents 
will  be  prevented.)  Any  actively  bleeding  vessels  are  ligated.  The 
posterior  row  of  the  anastomosis  uniting  the  posterior  wall  of  the  stomach 
to  the  inner  cut  edge  of  the  jejunum  is  of  chromic  catgut.  The  stitches 
on  the  gastric  side  should  be  taken  after  the  edge  which  has  been  crushed 
by  the  clamp  has  been  trimmed  with  the  scissors.  A  second  row  of  finer 
catgut  may  be  used  to  advantage  in  the  posterior  line.  The  first  chromic 
catgut  suture  is  continued  in  front  in  the  usual  way  to  complete  the 
closure.  An  interrupted  silk  suture  line  similar  to  that  used  posteriorly 
is  placed  anteriorly,  particular  care  being  taken  to  reinforce  the  angle 
of  anastomosis  at  the  lesser  curvature.  A  few  interrupted  silk  sutures 
are  placed  where  necessary  further  to  protect  the  anterior  suture  line 
and  the  suture  at  the  lesser  curvature,  the  stump  of  gastrohepatic 
omentum  which  contains  the  ligated  gastric  artery  being  utilized  as  a 
support  to  the  gastrojejunal  angle  at  this  point. 
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The  procedure  as  descri!>ed  is  applicable  to  the  majority  of  cases 
(Fig.  25),     When,   howe\'er,  chronic  pyloric  obstruction  has  greatly 
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dilated  the  stomach,  the  gastric  outlet  after  resection  is  often  much 
larger  than  is  necessary  for  the  anastomosis.  Under  such  circumstances 
the  outlet  may  be  decreased  by  partly  closing  it  at  the  upper  angle  with 
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sutures,  as  advised  and  practised  by  C-  H.  Mayo,  or  the  outlet  may 
be  approximated  to  a  much  smaller  opening  in  the  jejunum  by  suitable 
suturing.  Thus,  if  the  gastric  outlet  is  one-third  larger  than  the  size  of 
the  opening  desired  in  the  jejunum,  the  intervals  between  all  stitches 
on  the  gastric  side  should  be  one-third  greater  than  those  on  the  jejunal 
side.  The  readiness  with  which  the  stomach  will  adjust  itself  is,  of 
course,  largely  dependent  on  the  fact  that  its  great  size  is  abnormal  and 
the  stretched-out  tissues  tend  to  contract  rapidly.     However,  it  has 


been  our  experience  that  there  is  no  objection  to  an  anastomosis  of 
considerable  size  (Fig.  S6). 

The  advantages  of  the  anteeolic  end  (gastric)  to  side  (jejunum) 
method  are  quite  obvious.  It  has  been  our  experience  that  it  can  be 
used  in  practically  every  case,  that  it  is  simpler,  safer,  and  can  be  accom- 
plished in  less  time  than  any  other  method.  The  operation  may  be 
completed  well  within  the  hour,  and  if  conditions  for  operation  are 
favorable,  even  within  half  an  hour.     Its  particular  advantage  is  seen. 
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as  I  have  intimated,  in  extensive  resections,  when  such  a  small  segment 
of  stomach  remains  that  posterior  gastro-enterostomy  would  be  difficult. 
This  fact  makes  it  quite  possible  that  not  only  will  the  method  result  in 
more  radical  operations  in  gastric  cancer,  but  by  reason  of  this  advantage 
it  will  occasionally  permit  resection  in  cases  heretofore  considered  inoper- 
able.    No    disadvan- 
tages in  the    method 
have  been  encountered 
and  it  has  been  the  ex- 
perience of  the  surgical 
staff  at  the  Clinic  that 
patients  in  whom  this 
method  has  been  em- 
ployed are  less  subject 
to  postoperative  com- 
plications    than     are 
those  operated  on  by 
other  methods. 

That  the  operation 
is  of  less  risk  than  other 
methods  is  very  defin- 
itely shown  by  our  op- 
erative mortality  sta- 
tistics. FromJanuary, 
1907,  to  August  16, 
1917,  in  318  resections 
by  the  Billroth  N'o.  2 
method,  there  was  an 
operative  mortality  of 
13.2  per  cent;  in  104 

Fw.  W.— rtwlion  of  IbF  tnutoDMiii  oilh  Triitkin  la  thr  tnni- 
vrrtt  mton  on  iml«cTmmt  o(  Ihc  vbcTni  ijlrr  complftinf  opefBlioD.       CBSeS      bv     the     Polva 
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method,  a  mortality  of 
14.4  per  cent,  while  tn  38  cases  with  the  method  I  have  described  the 
mortality  was  only  5.2  per  cent.  This  comparison  of  operative  mortality 
is  quite  fair,  inasmuch  as  the  operations  were  done  by  the  same  surgeons 
in  the  same  clinic  with  similar  surgical  indications.* 

•The  stnlintics  of  the  operatii'P  morUlily  following  tlic  Billrolb  melhod  No.  1,  the 
Kochrr  method,  and  !«'([mpnlal  ifsections  in  the  Clinic  are  aal  quoted  uh  Iheyare  nolcom- 
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Several  varieties  of  paraduodenal  hernia  have  been  observed  and 
described.  Such  hernias  are  of  considerable  importance  to  the  surgeon, 
because,  although  rarely  recognized  before  death  or  before  an  operation 
for  the  relief  of  obstructive  or  strangulation  phenomena,  they  may  be 
«neountered  in  the  course  of  operations  undertaken  for  the  treatment  of 
more  or  less  commonplace  abdominal  disturbances.  The  majority  of 
cases  thus  far  reported  have  been  discovered  during  the  course  of  post- 
mortem examinations  of  persons  having  died  from  causes  in  no  way  as- 
stKiated  with  the  hernia.  A  few  cases  are  on  record  in  which  the  surgeon, 
operating  for  the  relief  of  obstruction  or  strangulation,  found  the  hernia 
and  successfully  dealt  with  it. 

The  first  real  contribution  to  our  understanding  of  this  type  of  hernia 
we  owe  to  Treitz,  whose  work  dates  back  to  1857.  Unfortunately,  in 
his  description  of  a  fossa  which  he  called  "duodenojejunal"  he  included 
what  is  now  considered  a  second  fossa,  the  "paraduodenal"  fossa  of 
Landzert.  Later  Broesike,  Gruber,  Waldeyer,  Landzert,  and  Jonnesco 
added  greatly  to  our  knowledge  of  the  subject,  but  in  so  doing  confused 
it  to  some  extent  by  describing  the  same  fosste  under  different  names  and 
different  fosste  under  the  same  names,  so  that  to  re\-iew  the  literature 
would  be  tedious,  indeed,  were  it  not  for  the  admirable  monograph  of 
Moynihan, 

The  terms  "duodenal"  and  "duodenojejunal,"  which  have  been 
applied  to  this  type  of  hernia,  are  somewhat  misleading,  and  might  be 
thought  to  imply  a  displacement  of  the  duodenum  into  some  adventi- 
tious sac,  but  such  is  not  the  case;  it  refers  to  a  hernia  of  the  entire 
small  bowel,  or  some  part  of  it,  into  a  sac  derived  from  folds  of  peri- 
toneum and  fossfe  normally  to  be  found  about  the  terminal,  or  fourth, 
portion  of  the  duodenum.  For  that  reason  I  prefer  to  use  the  term 
"paraduodenal,"  which  is  more  accurate. 
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Inasmuch  as  a  clear  understanding  of  this  type  of  retroperitoneal 
hernia  involves  a  knowledge  of  the  anatomy  of  various  folds  and  fossse 
adjacent  to  the  fourth  duodenal  segment,  these  fossee  and  their  relations 
will  be  briefly  described. 

PARAnUOnENAL  FoLUS  AND  FOSS.E 

If  the  great  omentum  and  transverse  colon  are  reflected  and  pulled 
upward  over  the  costal  arch,  and  slight  traction  downward  and  to  the 
right  side  is  made  upon  the  jejunum,  there  will  be  seen  passing  from  the 
peritoneal  surface  of  the  superior,  or  in  some  cases  of  the  anterosuperior, 
aspect  of  the  duodenojejunal  angle  upward,  forward,  and  to  the  left  side, 
a  thin-edged,  peritoneum-covered  fold,  the  lower  attachment  of  which  is 
lost  in  the  peritoneum  covering  this  portion  of  the  gut,  the  upper  attach- 
ment blending  with  the  root  of  the  transverse  mesocolon  adjoining  the 
splenic  flexure.  This  is  the  ligament  of  Treitz.  Its  thin  anterior  edge 
is  concave  upward  and  slightly  toward  the  right  side,  and  the  middle, 
narrower  portion  crosses  over  the  inferior  mesenteric  vein  in  an  oblique 
direction  upward  and  to  the  left.  In  the  substance  of  this  fold  are  in- 
voluntary muscle-flbers  derived  from  the  left  crus  of  the  diaphragm. 
With  the  viscera  in  situ  this  fold  cannot  be  made  out,  and  traction  up- 
ward on  the  colon  and  downward  and  to  the  right  on  the  jejunum  is 
necessary  to  bring  it  out. 

With  the  colon  reflected  and  the  small  bowel  pulled  over  to  the  right 
as  described,  there  appear  in  most  bodies,  immediately  to  the  left  of  the 
fourth  portion  of  the  duodenum,  one  or  more  fo.ssse  bounded  by  definite 
folds  of  [>eritoneum.  Jonnesco  describes  in  his  work  five  fossse.  Moyni- 
han  describes  nine,  four  of  which,  however,  he  considers  of  little  impor- 
tance. 

The  tossas  most  frequently  encountered  in  a  consecutive  examination 
of  100  bodies,  ranging  in  age  from  birth  to  seventy-five  years,  are,  in 
order  of  frequency: 

I.  InferioT  panduodtDal  fossa  of  Tr^tz 00  per 

3.  Combined  superior  and  ioferior  paraduodenal  foKsa- ....   30  per 

3.  Superior  paraduodenal  fossa 5  per 

4.  Paraduodenal  fosaa  of  Landzert 2  per 

5.  Duodenojejunal  or  mesocolic  fossa H  per  cent 

6.  Fossa  of  Waldeyer 1  pe 

I  have  not  been  able  to  study  these  fosste  in  the  embryo,  at  which  time 
they  are  said  to  be  more  frequent. 

The  superior  paraduodenal  fossa. — Below  the  ligament  of  Treitz,  on 
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a.  plane  posterior  to  it,  immediately  to  the  left  of  the  duodenojejunal 
angle,  there  can  be  seen  in  many  bodies  a  thin,  sometimes  almost  trans- 
parent, fold  of  peritoneum  extending  from  the  peritoneal  surface  of  the 
terminal  portion  of  the  duodenum  toward  the  left,  a  distance  of  from 
1  to  2  cm.  This  fold  is,  in  a  general  way,  triangular  in  shape,  and  is 
bounded  below  by  a  thin,  semilunar  margin,  the  concavity  of  which  is 
directed  downward  and  to  the  left.    This  fold  forms  the  anterior  boun- 


dary of  a  trianf^ular  fossa,  usually  from  1  to  2  cm.  deep,  the  apex  of 
which  is  directed  upward  or  upward  and  slightly  to  the  right,  and  is  in 
cl'jse  relation  to  the  pancreas.  The  fossa  is  hounded  on  the  right  by  the 
terminal  portion  of  the  duodenum,  and  on  the  left  by  the  line  of  fusion 
lietween  the  fold  and  the  posterior  parietal  [jeritonenm.  just  to  the  right 
nf  the  inferior  mesenteric  vein,  which  courses  in  a  gentle  curve  along  the 
left  side  of  the  fossa  (Fig.  27).    This  has  been  called  by  different  writers 
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the  duodenal,  duodenojejunal,  or  the  superior  duodenal  fossa,  but  inas- 
much as  all  these  fossie  are  paraduodenal,  I  shall  call  it  the  superior 
paraduodenal  fossa. 

The  inferior  paraduodenal  fossa  of  Treilz. — A  short  distance  below  the 
orifice  of  this  superior  fossa  there  is  still  more  frequently  another  fossa, 
bounded  anteriorly  by  a  reflection  from  the  peritoneal  investment  of  the 
fourth  portion  of  the  duodenum,  posteriorly  by  the  posterior  parietal 
peritoneum,  on  the  right  side  by  the  duodenum,  and  on  the  left  by  the 
line  of  fusion  between  the  fold  and  the  parietal  peritoneum.  The  upper 
margin  of  this  fold  is  semilunar,  with  its  concavity  directed  upward  or 


upward  and  slightly  to  the  left,  and  forms  the  anterior  margin  of  the 
opening  of  a  fossa  of  variable  depth,  the  apex  or  bottom  of  which  is 
directed  downward  and  to  the  right,  immediately  adjoining  the  fourth 
portion  of  the  duodenum  (Fig.  28).  This  is  the  inferior  paraduodenal 
fossa,  and  corresponds  to  the  fossa  described  by  Treitz,  and  named  by 
him  "duodenojejunal."  Moynihan  describes  it  as  the  inferior  duodenal 
fossa. 

The  exact  position  and  depth  of  this  fossa  vary  more  or  less.  In 
three  instances  I  was  able  to  introduce  my  little  finger  into  the  fossa  to 
a  depth  of  5  cm.    Its  usual  position  is  along  the  left  edge  of  the  body  of 
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the  third  lumbar  vertebra.  In  many  bodies  the  superior  and  inferior 
fossie  coexist,  and  in  one  case  the  left  ends  of  the  folds  forming  the  an- 
terior boundary  of  the  orifices  of  both  fossie  had  become  fused  into  one, 
resulting  in  a  common  opening  for  both  fossie  (Fig.  89). 

At  a  variable  distance  below  the  apex  of  the  inferior  fossa  the  left 
colic  artery,  coursing  upward  and  to  the  left,  crosses  the  inferior  mesen- 
teric vein,  the  two  \'essels  constituting  the  vascular  arch  of  Treitz.    This 


Fll^  f9. — Suprrior  Bad  LnfFrior  panditixlFiuil  fvtw  vLth  \ftt  ends  of  folds  fuwd  ta  form  m  miDinon  orifin  (or 

arch  is  of  fundamental  importance  because  the  relations  of  these  vessels 
to  the  neck  of  a  hernia  in  this  region  determine  its  variety. 

The  paraduodenal  fossa  of  Landzert. — ^The  paraduodenal  fossa  of 
Landzert  is  produced  by  a  dipping  of  the  posterior  parietal  peritoneum 
around  the  right  side  of  and  behind  the  inferior  mesenteric  vein  as  it 
cur\-es  downward  a  short  distance  to  the  left  of  the  fourth  duodenal  seg- 
ment. This  dipping  of  the  peritoneum  about  the  vein  gives  to  the  vessel 
a  mesentery,  so  to  speak,  the  vein  arching  to  the  left  and  then  downward 
in  the  edge  of  the  fold,  the  fossa  being  beneath  or  posterior  to  it  (Fig.  30) . 
This  fossa  is  of  great  importance  because  it  is  that  in  which  most  of  the 
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paraduodenal  hernia;  reported  have  occurred,  as  determined  by  the  rela- 
tions of  the  inferior  mesenteric  vein  and  left  colic  artery  to  the  neck  of 
the  sac.  The  extent  of  the  fossa  of  Landzert  varies  considerably  and  its 
exact  boundaries  are  not  easy  to  determine  because,  as  pointed  out  by 
Moynihan,  "it  exists  not  seldom  in  conjunction  with  other  fossae.  The 
complications  are  almost  as  frequent  as  the  normal."  When  such  a 
complication  occurs  it  is  most  frequently  in  the  form  of  an  associated 
superior  paraduodenal  fossa. 


The  parad)iodeno jejunal  /o.vsa.— The  duodenojejunal  fossa,  identical 
with  ihejosselle  duodetio-jejunale  ou  mfsocolique  of  Jonnesco,  is  the  only 
one  of  the  paraduodenal  fossje,  which  ha\e  been  miscalled  duodeno- 
jejunal, to  really  deserve  the  name.  In  the  cases  in  which  the  fossa  is 
encountered  the  duodenojejunal  angle  is  buried  in  the  root  of  the  trans- 
verse mesocolon,  the  anterior  leaf  of  which  extends  farther  down  over 
the  anterosuperior  aspect  of  the  duodenojejunal  angle,  where  it  fuses  with 
the  peritoneal  investment  of  this  portion  of  the  gut.  In  this  anterior 
leaf  of  the  mesocolon,  just  above  the  line  of  fusion,  there  may  be  seen 
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an  arched  opening,  in  some  cases  so  flattened  against  the  bowel-wall  as 
to  require  the  introduction  of  a  probe  in  order  to  demonstrate  the  fossa. 
The  direction  of  the  cavity  is  upward  and  to  the  left,  the  bottom  of  the 
fossa  being  in  close  relation  to  the  pancreas  and  inferior  mesenteric  vein 
(Pig.  31).  Jonnesco  describes  a  similar  fossa  with  a  double  opening  which 
is  merely  a  modification.  This  duodenal  fossa  is  to  be  found  in  from  5 
to  10  per  cent  of  bodies  examined. 

The  mesocolic  fossa. — The  fossa  described  under  this  name  by  Moy- 
nihan  is  quite  uncommon,  but  it  is  of  some  importance  as  the  possible 
origin  of  a  hernia.    It  is  located  at  some  distance  from  the  ascending 


fourth  portion  of  the  duodenum,  to  the  left  of  the  inferior  mesenteric 
vein,  and  extends  to  the  left  between  the  leaves  of  the  mesocolon  in  the 
region  of  the  splenic  flexure.  .\  branch  of  the  left  colic  artery  runs  up- 
ward in  the  fold  forming  the  anterior  boundary  of  the  fossa. 

The  paraduodenal  fo33a  of  WaWci/er .—Waldeyer,  in  1874,  described 
a  fossa  in  the  mesojejunum,  beneath  the  superior  mesenteric  artery  and 
immediately  below  the  duiylenum,  which  he  called  "  mesenterico-parie- 
tal"  and  which  Moynihan  considers  of  more  frequent  occurrence  than 
some  of  the  other  fosste  described  in  his  work.  In  100  bodies  examined  I 
have  seen  it  but  once,  and  although  the  relations  of  this  fossa  were  those 
mentioned,  I  am  inclined  to  consider  it  as  a  variation  from  the  more 
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common  inferior  fossa  of  Treitz.  I  have  seen  a  number  of  low  fosstt 
of  Treitz,  the  bottom  or  apex  of  which  was  in  intimate  relation  to  the 
beginning  of  the  fourth  portion  of  the  duodenum,  and  it  does  not  require 
a  considerable  stretching  of  the  imagination  to  associate  the  fossa  of 
Waldeyer  with  a  low  inferior  paraduodenal  fossa  of  Treitz.  Moynihan's 
description  is  as  follows:  "The  fossa  has  its  oriBce  to  the  left,  its  blind 
extremity  to  the  right  and  downward.  In  front  it  is  bounded  by  the 
superior  mesenteric  artery  and  behind  by  the  lumbar  vertebr»e.  The 
peritoneum  of  the  left  leaf  of  the  mesentery  tines  the  fossa,  that  of  the 
right  covers  the  blind  end,  and  is  then  continued  directly  into  the  pos- 
terior parietal  peritoneum."  It  is  in  this  fossa  that  a  right  paraduodenal 
hernia  occurs,  and  since  we  are  dealing  only  with  the  left  type  of  hernia 
it  will  not  be  referred  to  again. 

Three  other  fosste  have  been  described,  but  they  are-so  rare  and  of 
so  little  importance  that  they  need  not  be  considered. 

Origin  of  Paraduooenal  Folos  anh  Foss.e 
Several  explanations  of  the  origin  of  these  folds  and  fossce  have  been 
advanced.  The  first  interpretation  was  that  of  Treitz,  who  considered 
them  to  be  due  to  the  movement  of  the  intestine  associated  with  its 
embryonic  development.  During  the  early  stage  of  its  development  the 
intestinal  tract  consists  of  a  fairly  simple  and  straight  tube  attached  to 
the  midline  of  the  body  by  a  fold  of  peritoneum.  As  it  grows  the  stomach 
becomes  differentiated  by  a  dilatation  of  the  tube,  and  the  tube  below 
this  gastric  dilatation  increases  in  length.  Associated  with  this  develop- 
ment is  a  movement  of  the  stomach  from  its  original  longitudinal  posi- 
tion with  its  surfaces  looking  to  right  and  left,  to  a  transverse  position, 
the  original  right  surface  of  the  stomach  becoming  posterior  and  its 
former  left  surface  the  anterior.  As  this  movement,  with  which  the  duod- 
enum is  associated,  takes  place,  there  is  a  gradual  fusion  of  the  peri- 
toneum about  these  structures.  Treitz's  view  was  that  the  increasing 
length  and  consequent  dragging  of  the  intestine  exerting  traction  on  the 
fixed  duodenum  and  mesocolic  root  were  responsible  for  these  folds,  and 
that  the  fosse  were  the  result  of  these  "traction"  folds.  This  view  is 
now  quite  untenable. 

Waldeyer's  theory  was  based  on  the  relation  of  the  inferior  mesen- 
teric vein  to  the  neck  of  the  sac.  He  thought  that,  in  the  course  of  devel- 
opment of  the  posterior  parietal  peritoneum,  the  vein  raised  a  fold  form- 
ing a  fossa,  and  for  that  reason  he  considered  the  fold  as  vascular  in 
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origin.     This  view  cannot  be  accepted  because  there  are  several  folds 
and  fossee  which  have  no  such  vascuhtr  relationships. 

The  logical  explanation,  which  covers  the  embiyologic  and  anatomic 
requirements,  is  that  of  Moynihan,  who  looks  on  them  as  "fusion  folds 
between  the  original  left,  afterward  anterior,  surface  of  the  ascending 
portion  of  the  duodenum  and  the  right,  or  anterior  surface  of  the  de- 
scending mesocolon  folds,  which  date  their  origin  from  the  time  when 
these  two  peritoneal  surfaces  are  in  close,  apposition."  This  interpreta- 
tion makes  it  possible  to  understand  the  frequent  occurrence  of  atypical 
fossse. 

Factors  Involved  in  the  Production  of  Hernia 
Treitz  has  formulated  three  postulates  as  indispensable  for  the  occur- 
rence of  a  left  duodenal  hernia: 

1.  The  presence  of  a  fossa. 

2.  The  presence  in  the  neck  of  the  sac  of  the  inferior  mesenteric  vein, 

3.  Sufficient  mobility  of  the  small  bowel  to  allow  it  to  pass  into  the 
sac  derived  from  this  fossa. 

However,  it  would  seem  that,  beside  these  factors,  there  would  be 
required  an  increased  intra-abdominal  pressure  sufficient  to  initiate  the 
hernia,  because  the  natural  drag  of  the  intestine  is  away  from  these 
fossse,  the  opening  of  which  is  seldom  large.  It  is  conceivable  that  in 
some  cases  the  hernia  may  be  congenital,  having  been  produced  as  a 
result  of  increased  intra-abdominal  tension  either  before  or  during  par- 
turition. 

The  second  postulate  may  or  may  not  be  fulfilled,  depending  on 
whether  or  not  the  hernia  is  one  into  the  paraduodenal  fossa  of  Land- 
zert,  because  this  is  the  only  fossa  with  which  the  vein  is  in  such  close 
relation. 

Report  of  a  Case 

Case  193S32  is  that  of  a  man  fifty-six  years  of  age,  who  came  to  the 
Mayo  Clinic  May  4, 1917,  seeking  relief  for  shortness  of  breath  and  ab- 
dominal distention.  Physical  examination  revealed  an  enlargement  of 
the  right  lobe  of  the  thyroid,  multiple  firm,  nodular  masses  in  the  upper 
abdomen,  an  enlarged,  palpable  spleen,  and  a  large  quantity  of  fluid  in 
the  left  pleural  cavity  causing  a  considerable  displacement  of  the  heart 
to  the  right.  On  the  same  day  a  supraclavicular  gland  was  removed  for 
microscopic  examination  and  proved  to  be  lymphosarcomatous.  I 
merely  mention  these  facts  without  dwelling  on  them  because  they  have 
no  bearing  on  the  hernia,  except  to  show  that  the  patient  had  never  had 
any  symptoms  that  might  lead  one  to  suspect  the  presence  of  an  ab- 
■17—6 
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dominal  condition,  in  no  way  responsible  for  his  death,  which  occurred 
on  May  8. 

At  the  necropsy,  performed  fifteen  hours  after  death,  the  following 
pertinent  lesions  were  named  as  the  lethal  factors  in  the  anatomic  diag- 
nosis: Marked  general  lymphosarcomatosis;  chronic  nephritis;  cardiac 
hypertrophy  and  bilateral  hemohydrothorax. 

The  following  is  a  transcript  of  the  description  of  the  hernia  made  at 
the  time: 

"On  opening  the  abdominal  cavity  the  small  intestine  appears  as 
in  the  early  stage  of  a  plastic  peritonitis.  The  coils  seem  slightly  ad- 
herent and  hyperemic,  but  it  is  strikingly  noteworthy  that  the  intestinal 
mass  has  a  sharply  ovoid  shape,  smooth  and  uniformly  rounded,  occupy- 
ing the  center  of  the  abdominal  cavity  with  the  colon,  forming  a  frame 
about  it,  as  shown  in  Figure  Si.  On  attempting  to  separate  some  of  the 
coils,  however,  it  is  at  once  apparent  that  the  bowel  is  covered  by  a  thin, 
transparent  membrane  in  which  vessels  can  be  seen  coursing  from  above 
downward  and  from  below  upward.  The  mass  is  about  the  size  of  a 
human  head  looked  at  from  above;  it  measures  over  all  20  cm.  in  its 
longitudinal  diameter  and  17  cm.  in  the  transverse.  There  is  an  interval 
of  5  cm.  between  the  lower  pole  of  the  mass  and  the  symphysis  pubis. 
Recognizing  a  hernial  sac  and  seeking  its  orifice,  I  find  it  above  and  be- 
hind the  lower  pole  and  to  the  right  of  the  middle  line,  in  the  form  of  a 
long,  oblique  opening,  slightly  semilunar,  with  its  concavity  pointing 
downward  and  to  the  right.  The  anterior  margin  of  the  neck  of  the  sac 
is  thick  and  cord-like,  and  passes  upward  and  to  the  right  to  the  space 
between  the  sac  and  the  ascending  colon,  where  it  becomes  lost  in  the 
retroperitoneal  tissues,  among  masses  of  enlarged  glands.  At  the  left 
and  inferior  end  of  the  opening  the  cord-like  anterior  margin  of  the  neck 
curves  upward  and  to  the  left  to  blend  with  the  descending  mesocolon. 
Four  fingers  can  be  readily  introduced  into  this  orifice  up  to  the  meta- 
carpophalangeal joints.  Traction  on  the  lower  pole  upward  and  to  the 
left  brings  the  orifice  into  view,  and  it  is  seen  that  the  entire  small  bowel, 
with  the  exception  of  the  terminal  five  inches  of  ileum,  is  inside  the  her- 
nial sac.    There  are  no  adhesions  between  the  bowel  and  the  sac. 

"The  normal  anatomic  relations  are  so  distorted  by  the  enormous 
enlargement  of  all  the  retroperitoneal  lymph-glands  that,  in  order  to 
determine  the  variety  of  this  hernia,  it  is  necessary  to  work  out  the  rela- 
tions of  the  inferior  mesenteric  vein  and  left  colic  artery  to  the  sac. 
The  inferior  mesenteric  vein  passes  beneath  the  posterior  parietal  peri- 
toneum, across  the  back  of  the  hernial  sac,  to  the  space  between  it  and 
the  ascending  colon  on  the  right  side.  Then,  coursing  downward  and 
inward  to  the  right  margin  of  the  hernial  orifice,  it  passes  from  right  to 
left  in  the  thickened  anterior  margin,  forming  the  anterior  boundary  of 
the  neck  to  the  left  side. 

"The  left  colic  artery  runs  toward  the  left  side,  where,  after  coursing 
downward  in  the  space  between  the  sac  and  the  descending  colon,  it 
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enters  the  left  side  of  the  unterior  margin  of  the  hernial  orifice  and  passes 
through  it  upward  and  to  the  riglit  side.    From  both  vessels  as  they  pass 
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through  the  thickened  hand,  forming  the  anterior  margin  of  the  neck  of 
the  sac,  branches  pass  upward  Iwtween  the  two  fused  layers  of  the  sac 
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itself.  Similar  branches  pass  downward  from  the  middle  and  left  colic 
vessels,  running  in  the  space  between  the  sac  and  the  transverse  and 
descending  colon." 

The  accompanying  diagram  (Fig.  33)  gives  a  better  idea  of  these  rela- 
tions. This,  then,  is  a  hernia  into  the  paraduodenal  fossa  of  Landzert, 
and  is  to  be  classified  as  a  left  paraduodenal  hernia. 


In  his  monograph,  published  in  1006,  Moynihan  gi^-es  a  list  of  65 
cases  reported  up  to  that  time.  Since  then  Short  has  collected  17  more 
cases,  one  of  which,  however,  had  already  been  reported  by  Moyni- 
han, making,  up  to  1914,  a  total  of  81.  Of  the  16  cases  collected  and 
listed  by  Short,  7  patients  were  operated  on  and  recovered.  One  of 
these  cases,  that  of  Heller,  was  a  complete  hernia,  very  similar  to  my 
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SiD(»  the  beginning  of  1914  I  have  been  able  to  gather  the  four  fol- 
lowing cases: 

1S14.  Davis.  L.:  A  case  of  stranguUted  retroperitoneal  hernia  of  the  small  intestine  into 
the  paiaduDdenal  fossa.      Boston  Med.  and  Surg.  Jour.,  1914.  chx,  ili-irH. 

1014.  Pybus,  F.C.:  Symptoms  of  acute  intestinal  obstruction  operated  and  cured,  Brit. 
M«d.  Jour,  1911.  li,  14. 

1914.  Nuium,  F.,  and  Nuzum,  J.r  Two  unusual  internal  hernias — one  intersigraoid,  the 
other  into  the  paraduodenal  pouch  of  Landzert.    Tr  Chicago  Path,  Soc..  1914,  ix. 


1  the  paraduodenal  tosatt.     Glasgow 


1.  Broesike,  G.:  Cber  intraabdominelle  Hernien  und  Bauchfelltaschen.     Berlin,   1891. 

2.  Gruber,  Vi.:   t7ber  die  Hernia  interna  mesogastrica.     St.  Petersburg,  med.  Ztschr., 

1861,  i.  217-lMS;   1968,  ii,  1BI-1B7;   1888.  iii,  300  303. 

3.  Hdler,  E.:   Uber  eine  operative  gebeilte  Hernia  duodenojejunalis  Treitzii.     Arch. 

t.  klinisdie  Chir.,  1909.  xc,  361-386. 

4.  JonDcaco:  Sur  I'anBtoinie  topographique  du  duodenum.     Progi^  iii£d.,  !  s.,  ix,  176, 

192.  216,  23S,  »57.  «71,  «88. 

5.  Landzert,  T. :    Uber  die  Hernia  retroperitoneal  is  und  ihre   Beztehungen  zur  Fossa 

duodenojejunalis.    St.  Petersburg,  med.  Ztschr.,  1871,  ii,  306-3S0. 

6.  Moyniban,  B.  G.  A.:   Retro-peritoneal  hernia.     Load.,  Bailliire.  1906,  195. 

7.  Poisson,  F.:  Les  fossettes  p^ri-duodinales  et  leur  role  dans  la  pathoginie  des  hemies 

i«tropiriton£ales.     Paris,  Lille,  t89S,  144  pp. 

8.  Short,  A.  R.:    A  case  at  retroperitoneal  hernia  cured  by  operation,  with  a  report  on 

the  literature  of  the  subject.     Brit.  Jour.  Surg.,  1915-16,  iii,  48-94. 

9.  Treitz,  W.:   Hernia  retroperitonealis.     Bin  Beitrag  zur  Geschicbte  inoerer  Heroien. 

Prag,  Credner,  1857,  150  pp. 
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ENTEROSTOMY  AND  THE  USE  OF  THE  OMENTUM 

IN  THE  PREVENTION  AND  HEALING  OF 

FISTULA* 

C.  H.  MAYO 


The  operation  of  enterostomy  is  a  life-saving  procedure  the  necessity 
for  which  may  he  discussed  a  few  hours  longer  than  that  of  making  a 
tracheotomy.  When  indicated,  it  is  just  as  much  an  operation  of  neces- 
sity or  emergency  as  the  latter.  Both  procedures  have  indications  and 
marked  limitations  for  obstruction,  which  is  mainly  mechanical. 

Obstruction  of  the  bowels  may  result  from  the  toxemia  of  disease, 
either  local  or  general,  or  from  adhesions  or  paresis  due  to  acute  or 
chronic  local  or  diffuse  abdominal  inflammation.  A  loop  of  bowel  may 
become  caught  beneath  a  peritoneal  band  formed  from  some  old  infec- 
tion long  since  healed.  Conditions  resembling  intestinal  obstruction 
may  occur  from  reflex  causes  secondary  to  acute  diseases  of  the  kidney. 

In  the  large  majority  of  ca.ses  the  intestinal  obstruction  for  which  the 
operation  of  enterostomy  is  indicated  occurs  during  the  first  few  days 
following  an  abdominal  operation.  The  obstruction  may  be  in  the  large 
or  the  small  bowel;  when  in  the  large  bowel  a  longer  time  is  given  for 
discussion  as  to  its  cause  and  method  of  treatment;  the  danger  from 
toxemia  is  not  as  serious  as  in  obstruction  of  the  small  bowel.  In  colonic 
obstruction  the  danger  is  from  exhaustion  or  peritonitis  resulting  from 
perforation.  Visible  peristalsis  extending  irregularly  over  the  abdomen 
is  often  noted.  Such  peristaltic  waves  are  less  noticeable  in  obstruction 
of  the  sm^l  bowel  unless  the  obstruction  is  low  in  the  ileum,  and  is  in- 
complete and  chronic.  The  danger  of  colonic  obstruction  following  oper- 
ation is  greater  when  the  operation  has  necessitated  any  suturing  of  the 
bowel.  The  lower  the  injury  in  tlie  intestine,  the  greater  the  danger  of 
infection  from  the  suturing  of  the  bowel  because  of  the  difference  in  the 
type  of  bacteria  commonly  found  in  varying  portions  of  the  intestine. 
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In  the  small  intestine  there  is  the  added  toxemia  of  retained  secretions 
and  ferments  which  are  delivered  to  the  blood  through  the  lymphatics 
without  the  protective  influence  of  the  liver  which  is  exerted  over  the 
absorbed  secretions  of  the  colon  (Draper), 

In  certain  abdonynal  operations  involving  suturing  of  the  middle  or 
left  colon  an  appendicostomy  may  be  made  as  a  safety-valve  to  take 
strains  off  the  suture  line,  or  a  small  tube  may  be  passed  into  the  rectum, 
high  in  the  sigmoid,  and  left  there  during  the  first  few  days  following  the 
operation. 

After  abdominal  operations  there  is  usually  stasis  of  peristalsis  during 
the  first  twenty-four  hours.  This  follows  the  injury  of  the  peritoneum 
and  is  a  protective  measure  occurring  after  the  perforation  of  ulcers,  gun- 
shot wounds,  or  other  abdominal  injury,  and  giving  time  for  the  forma- 
tion of  life-saving  adhesions. 

In  children,  abdominal  operations  are  performed  chiefly  for  one  defi- 
nite purpose,  and  exploration  is  rarely  indicated.  In  adults,  the  diag- 
nosis of  the  essential  lesion  may  be  most  accurate,  yet  complications  of 
other  disease  may  be  present.  It  is,  therefore,  best  in  most  cases  other 
than  acute  infections  to  explore  for  associated  disease,  even  though  such 
examinations  may  be  the  cause  of  additional  gas  colic  and  stasis  follow- 
ing operation.  A  patient  who  has  had  an  abdominal  operation  will  prob- 
ably have  some  stasis  the  same  day  and  it  should  not  occasion  worry  if 
the  condition  persists  until  the  next  night,  even  though  it  may  be  the 
cause  of  considerable  pain.  Various  enemas  are  given  the  day  after  the 
operation,  usually  with  complete  relief.  If  the  patient  is  not  relieved, 
lavage,  laxatives,  different  kinds  of  enemas,  hypodermic  injections  of 
pituitrin  or  eserin,  are  given  during  the  second  night  and  third  day.  If 
these  do  not  bring  relief,  it  may  be  concluded  that  the  obstruction  is 
complete.  The  patient  vomits  and  is  toxic  from  the  small  bowel  secre- 
tion. The  evening  of  the  third  day  or  the  morning  of  the  fourth  he  is 
taken  to  the  operating  room,  the  sutures  are  removed,  the  incision  opened, 
and  the  abdomen  inspected.  When  there  is  general  peritonitis,  the  intes- 
tines are  red  and  inflamed  or  lymph -covered.  In  such  cases  an  enteros- 
tomy is  made  without  exploration.  If  there  is  no  evidence  of  general 
peritonitis,  the  hand  is  inserted  and  passed  to  the  site  of  the  operation, 
which,  in  acute  or  chronic  abdominal  sepsis,  is  usually  in  the  pelvic  or 
right  iliac  region.  In  the  search  for  obstruction  at  this  early  stage  the 
adhesion  causing  the  condition  readily  gives  way  and  the  gurgling  of 
moving  gas  is  felt  and  heard.    When  this  occurs,  enterostomy  is  not  re- 
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quired.  It  operation  is  delayed  until  late  in  the  fourth  day,  or  even  later, 
there  may  be  toxic  paresis  as  well.  In  some  cases  local  abscesses  are 
formed,  but  practically  all  patients  who  survive  usually  recover  from  the 
obstruction  spontaneously  with  natural  movements  eight  days  from  the 
day  of  its  occurrence,  life  having  been  saved  by  the  safety-vent.  Pa- 
tients with  obstruction  beginning  some  days  following  operation  usually 
present  the  same  symptoms  at  the  same  period  from  the  day  the  obstruc- 
tion began.    In  such  cases  bands  of  adhesions  are  the  principal  factor. 

Enterostomy  is  less  favorable  for  diffuse  peritonitis  than  for  localized 
obstruction.  In  the  colon,  obstruction  is  relieved  by  appendicostomy, 
cecostomy,  colostomy,  or  the  Brown  operation  of  ileostomy.  There  is 
rarely  spontaneous  recovery  from  obstruction  of  the  large  bowel,  a  second 
operation  being  required  for  permanent  relief  and  the  restoration  of  the 
anal  function. 

Technic. — In  early  operation  reopening  of  the  incision  is  preferable. 
The  advantage  of  this  is  that  little  or  no  ansesthetic  is  required  for  the 
whole  procedure.  In  late  operation  a  second  incision  is  occasionally  ad- 
visable. A  low-lying  loop  of  distended  bowel  is  elevated  into  the  inci- 
sion. A  segment  is  freed  of  gases  or  fluids  and  controlled  by  rubber- 
covered  forceps  applied  above  and  below  the  point  selected  for  perfora- 
tion. At  a  point  opposite  the  mesentery  a  purse-string  suture  of  silk  is 
applied  in  a  diameter  of  half  an  inch.  The  bowel  is  perforated  in  the 
center  of  the  purse-string  by  a  knife,  or  the  perforation  may  be  made  by 
the  method  of  J.  W.  Long,  using  the  Paquelin  or  an  electric  cautery.  A 
catheter,  size  10  or  12,  is  inserted  several  inches  into  the  intestine  and 
held  in  place,  after  the  purse-string  is  tied,  by  perforating  its  side  with 
the  same  needle  and  tying  it  into  place.  This  suture  will  hold  for  a  few 
days  only.  It  will  then  cut  out  of  the  tissues  and  may  be  removed  with 
the  catheter  when  the  latter  is  withdrawn.  Two  successive  purse-string 
sutures  may  be  applied  by  the  Stamm-Kader  method,  but  the  procedure 
most  satisfactory  is  that  of  Witzel,  i.  e.,  depressing  the  catheter  into  the 
wall  of  the  bowel  and  suturing  together  the  folds  thus  formed  over  the 
catheter  for  a  space  of  an  inch  and  a  quarter.  When  the  operation  is 
made  as  a  jejunostomy  for  feeding  or  for  intestinal  obstruction  in  chil- 
dren, the  Coffey  method  of  incising  the  peritoneal  and  muscular  layers 
of  the  bowel  at  the  point  of  depressing  the  catheter  into  its  wall  conserves 
the  lumen  of  the  gut,  the  tube  being  placed  between  the  mucosa  and  the 
wall  of  the  intestine,  and  the  peritoneum  and  muscle  being  approximated 
over  the  catheter.    This  method  is  rarely  followed  by  a  fistula.     For 
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additional  security  and  also  to  favor  closure  of  the  opening,  we  have 
passed  the  catheter  through  the  perforated  omentum  (Fig.  34)  and  then 


for  fixation  have  included  the  parietal  peritoneum,  the  omentum,  and 
the  intestine  in  three  sutures.    This  method  maintains  a  movable,  even 
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if  adherent,  intestine,  and  the  omental  graft  aids  in  closing  the  bowel 
opening  by  granulation. 

Two  unfortunate  conditions  may  occur:  (1)  The  loop  of  bowel  chosen 
for  the  opening  may  be  high  in  the  jejunum,  leaving  but  a  limited  length 
for  nutrition.  In  this  case  rectal  feeding  (intravenous  or  subcutaneous 
infusions  of  saline)  will  aid  until  the  adhesions  subside  and  relief  is  ob- 
tained. {«)  A  fistula  may  occur  at  the  point  of  enterostomy  when  it  is 
made  without  the  protection  of  the  omentum.  Should  a  6stula  occur,  it 
may  be  blocked  by  inserting  through  it  into  the  intestine  an  oblong  but- 
ton held  by  threads  in  the  eyes  or  through  a  perforation  in  the  obturator 
which  hold  it  up  against  the  wall  of  the  bowel  at  the  point  of  leakage; 
the  threads  are  then  passed  through  the  perforations  of  a  flat  button  on 
the  skin  side  of  the  fistula.  This  method  makes  a  closure  until  granula- 
tions fill  the  opening,  when  the  thread  can  be  cut  and  the  inner  button 
passes  with  the  intestinal  contents  (Dowd,  Pallister). 
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C.  H.  MAYO 

Jejunostomy  is  an  operation  which,  fortunately,  is  rarely  required, 
but  when  indicated,  it  is  to  be  classified  among  the  life-saving,  or  at 
least  the  most  important,  palliative  surgical  procedures.  The  term 
jejunostomy  is  often  applied  when,  in  making  an  enterostomy  to  relieve 
obstruction,  the  small  intestine  is  opened.  Enterostomy  would  be  the 
more  correct  term,  a^  the  opening  is  made  in  a  distended  loop  of  small 
intestine,  very  often  regardless  of  whether  it  is  jejunum  or  ileum.  On 
the  other  hand,  when  enterostomy  is  made  for  purposes  of  nutrition, 
the  jejunum  is  chosen  and  the  opening  is  made  in  its  first  loop. 

In  cases  of  obstruction  of  the  small  bowel  (the  so-called  ileus) 
following  operation,  enterostomy  should  be  done  as  soon  as  the  evening 
of  the  third  day  or  on  the  fourth  day  following  its  inception.  The  fifth 
day  may  be  too  late.  Such  obstruction  may  occur  directly  after  an 
abdominal  operation,  or  several  days  later  following  an  apparently 
normal  primary  convalescence.  Nearly  all  the  cases  seen  are  those 
which  follow  operation  or  are  acute  obstruction  from  some  unknown 
cause,  and  when  the  enterostomy  is  made,  the  patient  is  usually  too 
seriously  ill  to  warrant  prolonged  or  extensive  exploration. 

Handley  has  suggested  a  jejunal  colostomy  in  such  cases.  This  is 
an  extra  procedure  on  very  sick  patients,  and  makes  a  permanent 
enterocolostomy,  which  is  only  occasionally  necessary,  a  temporary  vent 
being  sufficient.  It  is  often  difficult  to  determine  whether  a  high  or  low 
opening  is  made  in  the  bowel,  and  such  a  high  communication  with  the 
colon  would  possibly  develop  later  trouble. 

When  the  operation  is  done  as  an  enterostomy  for  obstruction,  it  is 
supplemented  by  rectal  feeding  of  glucose  and  fluids.  The  stomach  is 
also  washed  every  six  to  eight  hours  until  it  is  found  clear.  The  opera- 
diml  As90<-ialion.  St.  Paul,  Oct.  11.  1»1T. 
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tion  is  most  effective  when  the  obstruction  is  due  to  local  peritonitis,  in 
which  case  the  local  condition  will  persist  for  approximately  a  full  week. 
When  the  obstruction  is  from  diffuse  peritonitis,  the  operation  is  less 
effective  but  well  worth  making,  as,  with  the  gastric  lavage  and  drainage, 
some  patients  may  be  tided  through  the  temporary  period  of  paretic 
obstruction  and  relieved  from  the  toxemia  of  retained  and  absorbed 
intestinal  fluids. 

Jejunostomy  for  purposes  of  nutrition  would  be  indicated  with  wide- 
spread cancer  of  the  stomach  obstructing  the  cardia,  and  leaving  but 
little  room  in  its  contracted  and  cancer- involved  wall  for  gastrostomy. 
Patients  in  this  condition  are  half  starved,  there  is  often  extreme  exhaus- 
tion, and  it  may  be  impossible  or  inadvisable  to  make  an  extensive 
preliminary  x-ray  examination.  Gastrostomy  in  such  instances  adds 
to  the  patient's  pain;  on  the  other  hand,  a  jejunostomy  will  rest  the 
stomach  and  give  immediate  relief.  We  have  seen  patients  gain  from 
10  to  30  pounds  following  jejunostomy,  and,  with  complete  rest  of  the 
stomach,  the  cancer  made  slower  progress.  The  operation  is  advisable 
in  case  of  extensive  laceration  of  a  cancer  of  the  stomach  made  acci- 
dentally during  an  exploratory  examination,  Mayo-Robson  advises  it 
also  in  iinitis  plastica  and  in  extreme  cases  of  vomiting  of  pregnancy. 
The  operation  is  so  easily  and  quickly  done  that  we  sometimes  wonder 
it  is  not  more  commonly  chosen  in  cases  of  nervous  vomiting  of  girls  of 
from  eighteen  to  twenty-five  years  of  age,  instead  of  the  stages  of 
operative  procedure,  such  as  the  removal  of  an  ovary,  then  an  appendix, 
then  the  fixation  of  a  movable  kidney,  drainage  of  the  gallbladder,  and, 
finally,  a  gastro-enterostomy,  as  so  often  is  done  in  a  series. 

The  operation  for  purposes  of  nutrition  is  performed  through  a 
midline  or  left  lateral  incision,  the  upper  loop  of  jejunum  being  found 
beneath  the  transverse  colon  and  the  omentum.  When  the  operation 
is  for  the  relief  of  obstruction,  it  is  best  to  reopen  the  former  incision 
unless  it  is  infected.  If  there  is  no  general  peritonitis  and  the  obstruc- 
tive condition  is  recognized  early,  the  patient  will  not  be  in  extremis  and 
the  operator  may  explore  the  region  of  the  primary  operation.  Not 
infrequently  adhesion-bands  or  kinks  may  be  separated,  at  once  reducing 
fluids  and  gases  which  pass  along  the  bowel  with  audible 'gurgling.  The 
enterostomy  will  not  then  be  necessary.  If  enterostomy  is  considered 
necessary,  a  distended  loop  of  bowel  is  stripped  of  fluids  for  a  few  inches 
and  rubber  clamps  are  adju.sted  to  keep  the  loop  empty.  The  bowel  is 
perforated  opposite  its  mesentery,  and  a  No.  10  English  catheter  is 
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inserted  a  few  inches  into  the  lumen  of  the  gut.  A  purse-string  suture 
adjusts  the  bowel  to  the  catheter,  and  the  needle  passed  through  its  side 
fixes  it  in  position.  The  suture  may  be  chromic  catgut  or  silk;  if  the 
latter,  it  comes  out  with  the  catheter.  The  catheter  is  depressed  into 
the  wall  of  the  bowel,  and  its  folds  are  sutured  over  the  tube  for  an  inch 
and  a  half,  and  a  perforation  is  made  in  the  adjacent  omentum  and  the 
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ratheter  passed  through  it.  The  use  of  the  omentum  in  this  way  aids 
in  preventing  leakage  after  the  removal  of  the  catheter,  and  adds  to  the 
mobility  of  the  intestine  after  the  operation.  The  catheter  may  be 
brought  out  through  the  incision,  in  which  case  sutures  are  passed 
Ihrough  the  peritoneum,  the  omentum,  and  the  intestine  on  each  side 
(if  the  tube,  to  hold  it  in  position.     In  some  cases  a  small  perforation  is 
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made  through  the  abdominal  wall,  a  little  to  one  side  of  the  working 
incision,  and  sutures  are  adjusted  beneath  the  opening.  When  the 
perforation  is  made  for  obstruction,  it  is  usually  sufficient  to  leave  the 
catheter  in  place  from  seven  to  twelve  days.  When  made  for  purposes 
of  nutrition,  it  i«  permanent  in  case  of  cancer,  and  is  left  as  long  as 
necessary  in  cases  of  persistent  vomiting,  since  the  stomach  may  be 
tested  at  any  time,  employing  the  tube  when  necessary. 

The  operation  of  jejunostomy  has  been  made  in  our  Clinic  in  43  cases 
for  nutritive  purposes  since  1910.  In  the  larger  number  of  the  cases 
the  operation  was  necessitated  by  cancer,  and  it  was  palhative.  Because 
of  the  serious  condition  of  the  patients,  the  primary  mortality  was  high 
and  the  palliation  brief.  The  operation  is  not  one  of  great  utility, 
except  in  a  few  rare  cases  of  non-malignant  obstruction  or  for  the  tem- 
porary relief  of  gastric  fistula  following  perforation  and  operation. 
Twelve  of  the  43  patients  died  within  a  week,  4  died  within  a  month, 
4  within  two  months,  7  within  a  year,  and  3  within  a  year  and  a  half. 
Thus  in  all  of  these  cases  the  operation  served  its  purpose,  namely,  that 
of  affording  temporary  or  permanent  relief  of  the  condition  which 
necessitated  the  operation. 

Summarizing:  Jejunostomy  for  nutrition  is  of  occasional  value; 
jejunostomy  or  other  enterostomy  for  intestinal  obstruction  is  of  great 
value. 
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CHRONIC  ULCERATIVE  COLITIS  AND  ITS  ROENT- 
GENOLOGIC FINDINGS* 

F.  B.  McMAHON  AND  R.  D.  CARMAN 


This  paper  comprises  a  study  of  a  group  of  cases  of  chronic  ulcerative 
colitis  in  which  marked  pathologic  changes  occur  in  the  intestinal  wall, 
resulting  in  inflammatory'  thickeniog,  contraction,  granulation,  or  ulcer- 
ation. 

Chronic  ulcerative  colitis  is  a  disease  that  is  constantly  attracting 
more  attention  from  both  the  medical  and  the  surgical  members  of  the 
profession.  The  number  of  patients  affected  with  the  disease  is  increas- 
ing, probably  because  the  number  of  cures  do  not  keep  pace  with  the 
annual  incidence  of  the  disease.  We  have  recently  reviewed  the  cases 
of  chronic  colitis  of  this  type  in  the  Mayo  Clinic  in  which  a  roentgen 
examination  of  the  colon  was  made,  and  we  wish  to  submit  a  resume  of 
the  subject,  including  certain  roentgen  findings  that  we  believe  are  of 
particular  importance  and  have  not  been  sufficiently  emphasized  (Fig. 
36). 

The  etiology  in  these  cases  of  colitis  is  obscure.  It  is  probably  due 
to  some  constitutional  derangement  with  a  low  grade  of  intoxication  that 
seems  to  affect  primarily  the  mucous  lining  of  the  large  intestine,  and 
at  times  the  terminal  portion  of  the  ileum.  Chronic  constipation  proba- 
bly plays  a  part  as  a  predisposing  factor  but  does  not  explain  all.  It 
may  be  due  primarily  to  some  specific  organism  upon  which  is  super- 
imposed considerable  localized  trauma,  local  irritation,  and  mixed  infec- 
tions. The  rectum  and  sigmoid  are  first  and  always  the  most  severely 
affected,  but  eventually  the  process  tends  to  become  diffuse  throughout 
the  entire  colon  and  occasionally  the  lower  12  to  £4  inches  of  the  ter- 
minal ileum.  The  early  changes  occur  in  the  mucosa,  which  becomes 
reddened,  thickened,  and  infiltrated  with  serum  and  blood-cells.  This 
chronic  inflammatory  reaction  results  in  the  formation  of  granulation 
tissue.  The  mucous  glands  are  increased  in  number  and  hypertrophied, 
'Reprinted  from  Jour.  Lab.  and  Clin.  Med.,  19IT,  ii.  328-341. 
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or  they  may  become  atrophic,  small,  or  cystic.  The  mucous  folds  are 
increased  or  decreased  in  number  and  lose  their  normal  appearance. 
There  is  an  overproduction  and  hypersecretion  of  mucus.     Polyps  and 


Fig.  30.— (lOMSI.) 
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pedunculated  papillomas  may  be  formed.  Localized  superficial  erosions 
and  chronic  ulcerations  are  frequently  superimposed  on  all  these  changes, 
especially  when  there  are  polyps  and  papillomas,  giving  rise  to  deeper 
mixed  infection  and  more  profuse  bleeding.  In  the  severe  and  long- 
standing cases  localized  abscesses  and  extensive  tissue  destruction  of 
the  mucosa  and  the  submucosa  complicate  the  disease.  The  remain- 
ing structures  of  the  bowel-wall  undergo  corresponding  inflammatory 
changes  and  they  may  occur  quite  early.  There  is  always  an  edema 
and  lymphocytic  infiltration  and  exudation  in  the  other  coats  of  the 
intestinal  wall  accompanying  the  changes  in  the  mucosa.  The  coats 
are  congested  and  thickened,  multiple  minute  areas  of  scar  tissue  are 
formed,  the  bowel  is  contracted  down,  and  is  comparatively  less  yielding 
and  less  flexible  {Fig.  37).  Invariably  the  serosa  is  covered  with  a 
fibrinoplastic  lymph  exudate  and  becomes  devoid  of  its  normal  luster. 
Frequently  the  peritoneal  cavity  contains  a  small  amount  of  fluid  and 
lymph. 

The  symptomatology  is  quite  well  known.  There  is  usually  a  history 
of  seasonal  spells  of  chronic  diarrhea  and  spurious  diarrhea,  with  five 
to  twenty,  or  more,  stools  per  day  over  a  period  of  weeks  or  months 
at  a  time  for  many  years.  The  stools  usually  are  thin  and  watery 
and  contain  much  mucus,  blood,  and  pus  in  varying  amounts,  depend- 
ing on  the  duration  and  the  severity  of  the  disease.  There  may  be 
traces  of  partially  undigested  food  particles  in  the  stools.  There  are 
intervals  of  complete  or  partial  relief,  during  which  time  constipation 
may  be  present  or  the  symptoms  may  be  mild  and  more  or  less  con- 
tinuous, with  a  history  of  acute  exacerbations  from  time  to  time.  The 
use  of  the  coarser  and  irritating  foods  usually  exaggerates  the  condition, 
and  dietetic  indiscretions  often  precipitate  an  attack.  Pain  and  tender- 
ness are  often  absent.  When  present,  they  vary  from  a  diffuse  or 
localized  abdominal  soreness  on  pressure  to  severe  tenderness  and 
marked  muscular  rigidity.  The  left  lower  quadrant  of  the  abdomen  is 
the  area  most  commonly  affected,  but  this  condition  may  be  present 
over  the  course  of  the  entire  colon.  Rectal  tenesmus  and  pain  at  defeca- 
tion are  often  distressing  symptoms. 

Loss  of  weight  is  common  during  severe  attacks,  hut  patients  usually 
regain  in  the  intervals.  In  some  cases  the  patient  is  surprisingly  well 
nourished  and  well  developed.  Nausea  and  vomiting  are  unusual 
and  the  appetite  is  ordinarily  very  good.  An  acute  attack  may  prove 
fatal  in  a  few  weeks  or  months  from  prostration,  desiccation,  repeated 
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intestinal  hemorrhages,  or  from  perforation  of  the  bowel  with  general 
peritonitis. 


un»rct,     l]«itTC>]  viN-e  inctmipclFnl. 

In  the  event  of  other  pronouneed  constitutional  symptoms,  or  of  the 
stools  containing  much  blood,  there  is  a  moderate  or  severe  grade  of 

Digitizecey  Google 


CHRONIC   ULCERATIVE  COUTIS  99 

secondary  anemia.  There  may  be  a  slight  leukocytosis,  and  in  the 
presence  of  tissue  destruction  and  mixed  infection  there  is  always  present 
an  increase  in  the  white  blood  count  with  a  moderate  predominance  of 
polynuclear  cells.  Eosinophilia  is  rare.  Digital  examination  of  the 
rectum  usually  reveals  a  roughened  and  granular  mucosa  which  is 
hypersensitive,  painful,  and  bleeds  easily.  The  anal  sphincter  is  usually 
very  spastic.  The  disease  is  resistant  to  almost  all  forms  of  medical 
treatment,  although  palliative  measures  may  control  the  symptoms  to 
a  large  extent  for  long  periods  of  time.  Spontaneous  remissions  are 
common  in  the  milder  stages  and  forms  of  the  disease. 

The  incidence  of  the  disease  is  slightly  larger  in  mates  than  in  females, 
but  there  is  very  little  difference,  and  the  disease  runs  about  the  same 
clinical  course  in  both  sexes.  Rural  people  and  those  living  in  the 
smaller  towns  appear  to  be  more  commonly  affected.  There  seems  to 
be  no  particular  geographic  distribution  of  the  cases  examined  in  the 
Mayo  Clinic. 

Repeated  stool  examinations  are  always  essential,  as  it  is  necessary 
to  rule  out  the  more  common  causes  of  chronic  diarrhea.  In  these  cases 
no  intestinal  parasites  are  found.  It  must  be  remembered,  however, 
that  in  an  endamebic  colitis  that  has  been  treated  with  emetin,  the 
stools  may  be  free  from  parasites  on  several  examinations  and  still  some 
of  the  symptoms  persist.  Theoretically,  tuberculous  and  other  specific 
bacterial  infections  can  be  identified  by  centrifugalization  of  a  small  por- 
tion of  the  stool  content  and  microscopic  examination  of  properly  stained 
smears.  There  is  also  usually  a  suggestive  history  and  other  symptoms 
and  physical  signs  present  in  tuberculous  and  bacillary  colitis  cases. 
A  history  of  luetic  infection,  other  constitutional  stigmas,  and  the  Was- 
sermann  reaction  will  put  one  on  guard  for  the  possibility  of  a  syphihtic 
lesion  in  the  lower  part  of  the  intestinal  tract,  although,  of  course,  both 
conditions  may  be  present.  Fortunately  syphilis  of  the  rectum  and 
colon  is  very  rare. 

The  proctoscopic  examination  is  an  efficient  aid  in  the  differential 
diagnosis,  and  in  riding  out  a  low-lying  malignancy,  either  alone  or 
superimposed  on  some  other  chronic  process.  Proctoscopic  examination 
usually  reveals  a  chronic  indurative  proctitis  and  sigmoiditis  of  a  granular 
type  which  bleeds  easily  with  a  few  ulcerations  irregularly  distributed. 
Occasionally  small  polyps  or  papillomas  may  be  seen.  Frequently  it  is 
only  by  removing  a  small  piece  of  suspicious  tissue  and  subjecting  it  to 
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careful  microscopic  examination  that  malignancy  and  the  infectious 
granulomas  of  the  rectum  can  reasonably  be  excluded. 

Very  little  has  been  written  concerning  the  signs  elicited  in  the 
roentgen  examination  of  chronic  ulcerative  colitis,  and  no  great  impor- 
tance has  been  attached  to  roentgenologic  findings  in  the  disease  up  to 
this  time.  In  1912  Schwarz,*  of  Vienna,  described  the  characteristic 
features  in  a  small  number  of  cases  of  chronic  ulcerative  colitis.  Among 
other  things  he  included  the  phenomena  of  a  small  and  smooth  bowel, 
absence  of  haustration,  and  incompetence  of  the  ileocecal  valve  (Fig.  38). 
We  have  found  from  an  examination  of  a  number  of  colons  in  chronic 
colitis  that  these  conditions  are  invariably  present  and  we  believe  that 
their  importance  should  be  emphasized.  These  roentgenologic  phenom- 
ena are  not  due  to  spasm,  but  result  from  the  organic  alterations  in  the 
bowet-wa)l,  because  definite  pathologic  changes  are  found  in  both  the 
gross  and  the  microscopic  appearance  of  all  the  coats.  Furthermore, 
they  are  permanent  and  cannot  be  altered  in  their  main  appearances 
and  characteristics  by  the  administration  of  antispasmodics  to  physio- 
logic effect  prior  to  a  second  roentgen  examination.  Besides,  entero- 
spasm  has  not  been  observed  by  us  during  the  roentgen  examination 
in  this  type  of  colitis. 

There  are  certain  other  conditions  of  the  large  bowel  in  which  some 
of  these  phenomena  may  also  be  found  to  a  varying  degree;  but,  as  a 
rule,  they  can  be  eliminated  either  by  a  correlation  of  the  roentgen 
findings  with  the  clinical  data,  of  the  roentgen  picture  alone  may  defi- 
nitely indicate  a  lesion  other  than  colitis.  For  example,  in  an  occasional 
caae  of  chronic  constipation,  the  large  bowel  may  be  smooth  and  show 
no  haustration  {Fig.  39).  Exceptionally  also,  in  cancer  of  the  colon, 
the  unaffected  portion  of  the  bowel  may  have  smooth,  unhaustrated 
borders  (Fig.  40).  However,  these  findings  are  not  constant.  In  such 
instances  the  lack  of  haustration  is  doubtless  due  to  relaxation  of  the 
longitudinal  muscle  bands — the  ttenia. 

The  incompetence  of  the  ileocecal  valve,  which  has  been  noted  rather 
constantly  in  cases  of  chronic  ulcerative  colitis,  is  not  of  itself  diagnos- 
tically  important,  since  we  find  it  in  a  very  high  percentage  of  all  cases 
examined,  whether  normal  or  pathologic.  But,  in  conjunction  with  other 
roentgen  signs  of  chronic  ulcerative  colitis,  it  may  have  some  corroborative 
value,  when  the  barium  runs  into  the  ileum  spontaneously  and  profusely. 

It  is  worthy  of  note  that  in  a  limited  number  of  cases  of  chronic 
endamebic  colitis  examined,  ive  did  not  find  a  roentgenologic  picture  in 
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any  measure  differing  from  the  normal.    The  group  included  cases' of 
long  standing  and  of  recent  exacerbations,  but  none  that  were  prostrated. 


Sanford'  has  emphasized  the  fact  that  the  entire  syndrome  of  chronic 
endamebic  colitis  as  seen  in  the  North  is  not  so  severe  as  in  the  South 
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and  the  tropica,  which  may  explain  the  absence  of  marked  pathologic 
ehanges  in  the  bowel-wall.     However  that  may  be,  we  beheve  that  the 
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roentgen  examination  offers  distinct  value  in  the  differentiation  of  these 
two  diseases,  especially  as  seen  in  this  latitude. 
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Our  own  experience  suggests  that  the  roentgen  findings  when  care- 
fully correlated  with  the  clinical  history  can  be  made  of  much  use  in  the 
diagnosis  of  chronic  ulcerative  colitis.     The  roentgenogram  also  enables 
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a  more  accurate  estimate  of  the  extent  of  involvement  and  thus  may 
serve  as  a  guide  in  determining  whether  the  treatment  shall  be  medical 
or  surgical. 


Both  roentgenoscopy  and  roentf^nography  were  employed  in  the 
cases  herewith  reported.     The  enema  was  preferred  to  the  ingested  meal. 
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In  an  extensive  case  of  long  standing  the  capacity  of  the  colon  is  materi- 
ally lessened.  It  fills  very  rapidly,  and  if  the  clyster  is  administered  with 
much  force,  the  patient  is  very  likely  to  expel  it  before  the  roentgen 
observations  are  completed. 

The  following  illustrative  cases  were  selected  from  the  group  studied: 

Case  146817. — Male,  aged  thirty-eight;  shoemaker.  Registered 
November  30, 1915. 

Previous  Hwtory.— Pneumonia  April,  1915. 

Present  Illness. — For  two  years  spells  of  diarrhea  with  15  to  20  stools 
per  day  of  a  thin,  watery  character,  with  much  mucus  and  at  times  blood 
stained;  odor  not  offensive.  With  attacks  there  was  loss  of  weight  and 
strength.  During  the  past  four  months,  interval  of  but  two  weeks 
when  he  was  free  from  severe  symptoms,  and  during  the  past  three 
months  there  has  been  considerable  bright  red  blood  in  the  stools,  much 
abdominal,  cramp-like  colic,  and  rectal  tenesmus.  Never  any  chills  or 
fever  noted. 

Physical  Examination. — Considerable  emaciation.  Evidence  of 
moderate  anemia.  Pyorrhea  alveolaris  and  gingivitis  present.  Palpable 
liver  margin.  Slight  tympanitis  and  slight  diffuse  abdominal  tender- 
ness.    Digital  examination  of  rectum  negative. 

Urinalysis. — Negative . 

Blood  Examination. — Hemoglobin  70  per  cent;  4,520,000  red  blood- 
cells;  10,000  white  blood-cells;  38  per  cent  polymorphonuclear  leuko- 
cytes; 44.3  per  cent  small  lymphocytes;  16.7  per  cent  large  lymphocytes; 
1  per  cent  eosinophiles,     Wassermann,  negative. 

Stool  Examination. — Red  blood-cells  and  pus-cells  present,  no  para- 
sites found.     Culture  from  stool  negative  for  Shiga  bacilli. 

Roentgen  Examination.- — Colon,  small  and  smooth  throughout.  No 
visible  haustration.     Ileocecal  valve  incompetent  (Fig.  41). 

Clinical  Diagnosis. — Chronic  ulcerative  colitis;  pyorrhea  alveolaris 
and  gingivitis. 

Operative  Findings. — Colon  contracted  to  about  caliber  of  small 
intestine,  and  presents  appearance  of  a  chronic  inflammatory  reaction 
with  thickened  and  edematous  walls,  increasing  in  severity  from  cecum 
downward  to  rectum. 

Operation. — Ileostomy  (Brown) — appendectomy  secondary. 

Case  134997. — Female,  aged  thirty-three.  Housewife.  Registered 
September  13,  1915. 

Previous  History. — Negative. 

Present  Illness. — A  nine-year  history  of  chronic  constipation  with 
passage  of  some  mucus  in  the  stools,  and  at  times  blood  tinged.  For 
the  past  two  years  constipation  has  been  more  marked,  requiring  brisk 
laxatives  or  purgatives,  which  in  turn  caused  a  diarrhea  that  required 
medicine  to  control.     For  the  past  six  months  she  has  complained  of 
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diarrhea  and  spurious  diarrhea  asscx^iated  with  the  passing  of  mucus 
streaked  with  bright  red  blood,  also  cramp-like  abdominal  pains  and 
rectal  tenesmus.  Normal  weight,  107  pounds;  present  weight,  97  pounds. 


Physical  Examination. — Thin  and  pale  In  ap|>earance.  Marked 
intestinal  peristalsis  demonstrable.  Digital  examination  of  the  rectum 
painful;  rectal  mucosa  roughened  and  congested. 
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Urinalt/tU. — Negative. 

Blood  Examination. — Hemoglobin  60  per  cent;  4,500,000  red  blood- 
cells;  14,400  white  blood-cells,  and  a  normal  differential  count.  The 
Wassermann  was  negative. 

Stool  Examination. — Red  blood-cells  and  pus-cells  present,  no  para- 
sites found. 

Proctoscopic  Examinaiion.— Chronic  proctitis  and  sigmoiditis  with 
some  superficial  ulcerations. 

Roentgen  Examination. — The  left  arm  of  the  transverse  colon,  the 
splenic  fiexure,  the  descending  colon,  and  the  sigmoid  are  small,  smooth, 
and  unhaustrated.  This  condition  was  unchanged  after  the  adminis- 
tration of  an  antispasmodic  to  physiologic  effect.  Note  that  the  disease 
is  limited  to  the  left  half  of  the  large  bowel,  as  shown  in  the  roentgeno- 
gram (Fig.  48).        . 

Clinical  Diagnosis. — Chronic  ulcerative  colitis. 

Operative  Findings. — Chronic  ulcerative  colitis. 

Operation. — Ileostomy  (Brown) — appendectomy  secondary. 

Case  160059. — Female,  aged  twenty-eight.  Clerk.  Registered 
May  18.  1916. 

Previous  History. — Xegative  except  appendectomy  ten  years  pre- 
viously elsewhere. 

Present  Illness. — For  twelve  years  she  had  had  spells  of  diarrhea  and 
bloody  stools  associated  with  loss  of  weight  and  strength.  Some  tem- 
porary relief  with  medical,  dietetic,  and  local  treatment.  She  has  been 
without  symptoms  as  long  as  a  year  at  a  time.  At  the  present  time 
there  are  from  six  to  eight  stoob  daily,  containing  much  blood  and 
mucus  and  associated  with  considerable  tenesmus. 

Physical  Examination.— Negntive  except  for  some  tenderness  over 
the  entire  colon  and  considerable  tenderness  on  digital  examination  of 
rectum. 

Urinalysis . — Negati  ve . 

Blood  Examination. — Hemoglobin  80  per  cent. 

Stool  Examination. — Xegative  for  parasites. 

Proctoscopic  Examination. — Examination  very  difficult  on  account  of 
the  contracted  condition  of  the  rectum.  Marked  proctitis  which  bleeds 
easily.  Xo  gross  ulcerations.  The  sigmoid  could  not  be  examined  on 
account  of  spasm. 

Roentgen  Examination. — ^Beginning  at  the  hepatic  flexure,  the  colon 
was  smooth,  contracted,  and  without  haustral  markings.  The  narrowing 
was  most  marked  in  the  left  half  of  the  transverse  colon,  the  descending 
colon,  and  the  sigmoid.  The  transverse  colon  was  redundant.  Ileocecal 
valve  incompetent  (Fig.  43). 

Clinical  Diagnosis.— ('hronic  granular  colitis. 

Operative   Findings. — Granular   type   of   chronic   colitis.     Definite 
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thickening  and  narrowing  of  the  colon  wall.  Slight  injection  of  its 
blood-vessels.     Appendix  removed  at  former  operation  elsewhere. 

Operation. — Ileostomy  (Brown). 

Necropsy. — General  peritonitis.  Colon  showed  chronic  inflammatory 
changes  with  marked  thickening  throughout  its  entire  wall  and  many 


petechial  hemorrhages,  old  and  recent,  in  its  mucosa.     Xo  ulcerations. 
Small  papilloma  in  the  descending  colon. 

Case  172507,^Male,  aged  thirty-five.     Iowa  farmer.     Registered 
September  14,  1916. 

Previous  History. — Negative. 

Present  Illness. — For  three  years  there  have  been  spells  of  diarrhea 
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with  blood-stained   mucus  in  the  stools,  and  associated  with  rectal 
tenesmus.     The  early  spells  were  of  about  six  weeks'  duration.     Con- 


siderable loss  of  weight  with  each  attack.  During  the  past  fourteen 
months  the  symptoms  have  been  practically  continuous  and  the  stools 
contained  considerable  blood.     For  the  bleeding  he  had  had  a  cautcriza- 
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tion  of  the  rectal  mucosa  elsewhere  with  practically  no  improvement. 
For  the  three  weeks  prior  to  admission  to  the  Clinic  he  had  had  10  to  20 
stools  per  day,  containing  much  blood  and  mucus.  History  of  slight 
fever  at  times  during  past  month. 

Physical  Examination. — Twenty  pounds  loss  of  weight.  Evidence 
of  anemia.  Slightly  tender  over  entire  abdomen.  Digital  examination 
of  rectum  painful  and  difficult. 

Urinalyms. — Negati  ve. 

Blood  £a:amincrfion.— Marked  secondary  anemia  with  an  average 
hemoglobin  of  34  per  cent.     VVassermann  negative. 

Stool  Examination. — Negative  for  parasites;  red  blood-cells  and  pus- 
cells  present. 

Proctoscopic  Examination. — External  and  internal  hemorrhoids  were 


found,  but  not  sufficient  to  account  for  all  symptoms.  Large  fissure  into 
rectum.     Indurated  area  in  anterior  wall  of  rectum  two  inches  up. 

Roentgen  Examination. — Roentgenoscopy :  Entire  colon  smooth,  - 
contracted,  and  without  haustration.  Roentgenogram  (after  involuntary 
partial  evacuation):  Hepatic  flexure,  descending  colon,  and  sigmoid 
mottled  in  appearance;   ileocecal  valve  incompetent  (Fig.  44). 

Clinical  Diagnosis. — Fissure  of  rectum  (postoperative),  hemorrhoids; 
chronic  ulcerative  colitis;   secondary  anemia. 

Clinical  Notations. — Medical  and  dietetic  treatment  and  blood  trans- 
fusion without  improvement.     Died  thirteen  days  after  admission. 

Necropsy. — Chronic  inflammatory  changes  in  the  wall  of  the  large 
bowel  with  marked  diffuse  edema  and  thickening  of  all  its  coats.  The 
mucosa  shows  chronic  ulcerations  in  the  lower  colon  and  rectum  (Fig.  45). 
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Conclusions 

1.  There  is  a  group  or  chain  of  subjective  and  objective  symptoms 
that  is  quite  characteristic  of  chronic  ulcerative  colitis. 

2.  There  are  definite  organic  changes  in  all  the  coats  of  the  colon 
wall  in  chronic  ulcerative  colitis,  resulting  from  chronic  inflammatory 
reaction  with  edema,  lymphocytic  infiltration,  thickening,  scar  tissue 
formBtion,  and  contraction. 

3.  The  roentgen  examination  in  these  cases  shows  the  colon  to  be 
small,  smooth,  and  without  haustration  in  the  part  or  parts  affected. 

4.  A  more  accurate  estimate  as  to  the  extent  and  severity  of  the 
involvement  can  be  obtained  by  a  correlation  of  the  clinical  history  with 
the  roent^n  findings. 

5.  The  roentgenogram  will  frequently  be  an  aid  in  determining  the 
course  of  subsequent  treatment. 

6.  In  a  limited  number  of  examinations  we  have  not  found  cases  of 
chronic  endamebic  colitis  which  furnish  any  characteristic  or  similar 
roentgen  findings.  Therefore,  it  appears  to  be  an  aid  in  differentiating 
amebic  from  chronic  ulcerative  colitis. 
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THE  SIGNIFICANCE  OF  LAMBLIA  INTESTINAUS 
IN  THE  STOOL* 

A.  H.  LOGAN  AND  A.  H.  SANFORD 


That  certain  protozoal  parasites  have  a  definite  pathogenicity  in 
some  forms  of  intestinal  disturbances  is  acknowledged  by  practically  all 
clinicians.  The  rdle  played  by  the  flagellate,  Lamblia  intestinalis,  is 
still  an  open  question  if  one  is  to  judge  by  the  diversity  of  opinion  ex- 
pressed in  the  literature  on  the  subject.  In  the  writings  of  Braun,  Park 
and  Williams,  Barker,  Besson,  Atlbutt  and  RoUeston,  and  many  others, 
it  is  tersely  stated  that  they  are  non-pathogenic.  Other  writers,  among 
them  Emerson,  Stiles,  Rodenwaldt,  MacNeal,  and  Neveu-Lemaire, 
consider  that  their  part  as  an  etiologic  factor  in  chronic  diarrhea  is  not 
entirely  settled,  but  that  they  may  have  much  to  do  in  prolonging 
^mptoms  when  the  disease  is  once  established.  On  the  other  hand, 
Daniels,  Brumpt,  and  Stitt  each  ascribe  a  pathogenic  rflle  to  these 
organisms,  the  last-mentioned  author  stating  that  they  are  "responsible 
for  a  chronic  and  intractable  diarrhea,  an  infection  only  minor  in  im- 
portance to  amebic  infection." 

We  have  not  attempted  to  review  the  literature  fully,  but  may.  state 
that  in  recent  articles  on  the  subject  Lamblia  intestinalis  has  been 
considered  pathogenic  by  the  following  authors:  Du  Bois  and  Toro, 
Wenyon,  Russell,  Kennedy  and  Rosewame,  Porter,  Fantham,  Fantham 
and  Porter,  and  Mathis. 

In  tropical  regions  this  parasite  is  encountered  very  frequently  in 
stool  examinations.  In  our  country,  especially  in  northern  latitudes, 
it  is  not  found  commonly.  The  cysts  are  easily  recognized,  and  when 
present  are  found  in  great  numbers  if  the  patient  has  had  the  usual 
preparation  for  examination  for  endamebas,  i.  e.,  one-half  to  one  ounce 
of  salts  before  breakfast.     It  is  quite  usual,  when  cysts  are  present,  to 

*  Reprinted  trom  the  Jounul  of  Lnb.  and  Clin.  Med.,  1917,  li.  618-Cil. 
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find  free,  motile  forms  the  next  morning  after  the  patient  has  taken  a 
second  dose  of  salts. 

Id  stool  examinations  made  for  more  than  6000  patients  during  the 
past  six  years  we  have  found  this  parasite  in  only  a  trifle  more  than  1  per 
cent  of  the  cases.  The  patients  came  from  all  parts  of  the  United  States, 
but  chiefly  from  the  northern  states;  three  were  from  Canada. 

This  report,  then,  is  based  on  66  cases  in  which  Lamblia  intestinalis 
has  been  found  in  stool  examinations.  In  41  persons  this  was  the  only 
organism  that  might  account  for  the  complaint.  In  the  remaining  25 
cases  there  were  other  organisms,  or  pathologic  conditions  which  pre- 
sumably, in  some  instances  at  least,  accounted  for  the  complaint. 

In  studying  the  histories  of  these  cases  we  find  there  is  apparently 
no  syndrome  which  is  diagnostic  without  a  stool  examination.  A  history 
of  preceding  or  present  diarrhea,  usually  without  blood  or  mucus,  often 
with  most  or  all  of  the  stools  in  the  early  morning  hours,  with  rumbling 
and  rolling  in  the  intestines,  indefinite  pain  slightly  more  to  the  right 
side,  an  "all-in"  feeling,  and  nervous  indigestion  are  all  suggestive 
symptoms,  but  in  no  way  diagnostic.  After  the  initial  attack  of  diarrhea, 
constant  looseness,  alternate  constipation  and  diarrhea,  or  constipation 
may  remain. 

As  lamblias  have  been  held  to  be  non -pathogenic  by  most  observers, 
no  attention  has  been  paid  to  their  presence  in  the  stools,  and  little  or 
no  treatment  ha^  been  directed  toward  their  removal.  Possibly  for  this 
reason  many  of  our  patients  give  long  histories.  Nineteen  of  the  series 
of  41  patients  gave  a  history  extending  over  five  years,  11  of  them  having 
a  constant  looseness  or  severe  diarrhea.  Eighteen  of  the  series  had 
constant  looseness  varying  from  3  to  SO  stools  daily;  8  others  had 
spells  of  diarrhea;  3  had  normal  stools;  and  the  remainder  were  con- 
stipated. 

As  the  lamblias  inhabit  the  upper  intestinal  tract,  we  would  not 
expect  free  blood  in  the  stools  or  much  inflammation  in  the  colon.  Six 
of  the  41  patients  had  seen  some  free  blood  (one  of  these  had  bleeding 
piles),  18  expressly  stated  that  no  blood  had  been  passed,  and  in 
the  other  cases  no  mention  of  blood  was  recorded.  In  the  i5  cases 
in  which  there  were  complications,  5  patients  had  noted  blood  and 
13  had  not. 

Proctoscopic  examinations  were  made  for  10  of  the  41  patients.  Six 
had  normal  bowels,  3  a  slight  proctitis,  and  1  a  diffuse  colitis  without 
ulceration.  Of  5  patients  in  the  series  of  iS  who  had  proctoscopic 
'17—8 
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examinations,  2  had  normal  bowels,  I  a  mild  colitis,  and  2  ulceration 
due  to  amebas. 

Twelve  of  the  series  with  lamblias  alone  had  examinations  of  the 
stomach.  In  9  the  acids  were  normal,  and  in  3  there  was  absence  of 
hydrochloric  acid.  Six  patients  had  barium  roentgenographic  examina- 
tions of  the  stomach,  and  in  all  the  findings  were  negative.  Blood 
examinations  were  made  in  the  majority  of  the  cases,  but  showed  no 
change  in  the  eosinophiles,  and  in  only  two  patients  of  the  larger  series 
was  the  hemoglobin  reduced  (45  per  cent). 

Since  the  symptoms  definitely  indicated  some  trouble  and  in  many 


Fis^  40. — Photomicrognph  of  Lamblu  iotcfltinAlU. 

cases  were  of  long  duration,  and  since  lamblias  were  not  considered 
pathogenic,  other  organs  than  the  intestines  were  suspected  to  be  the 
site  of  the  trouble.  Ten  of  the  41  patients  were  operated  on,  and  3  of 
the  other  group  of  25.  One  of  the  10  had  carcinoma  of  the  rectum  and 
was  operated  on  five  years  after  we  first  found  the  lamblias.  One  was 
operated  on  for  enlarged  spleen  which  later  turned  out  to  be  a  lympho- 
sarcoma. Five  had  appendicectoiiiies;  4  were  not  helped;  the  fifth 
had  had  a  history  of  several  definite  attacks  of  appendicitis,  and  was 
relieved  of  that  trouble.  On  2  cholecystectomies  were  done  without 
relief;  and  in  1  the  gallbladder  was  the  surgical  objective,  but  was  found 
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normal.  In  this  case  a  pericolitis  was  considered  the  cause  of  the 
trouble.  Three  other  patients  had  surgical  diagnoses — 1  a  diagnosis 
of  appendicitis,  1  of  cholecystitis,  and  1  of  duodenal  ulcer— but  were 
not  operated  on. 

W  the  3  operations  in  the  second  group,  1  appendicectomy  gave  no 
relief,  1  choleoystectomy  and  appendicectomy  gave  no  relief,  and  1 
appendicectomy  on  a  patient  with  a  history  of  10  definite  attacks  of 
appendicitis  gave  relief. 

Nine  only  of  the  41  patients  were  treated  in  the  Clinic,  and  these  for 
a  short  time  only.  Thymol  and  methy!ene-blue  were  used.  Thymol, 
given  in  6  instances,  relieved  the  symptoms  temporarily,  and  removed 
lamblias  from  the  stoob  in  4  cases.  However,  only  one  stool  test  was 
made  after  treatment  in  each  instance.  In  1  case  a  severe  diarrhea  was 
stopped  and  the  patient  gained  27  pounds,  but  four  months  later  the 
symptoms  recurred.  In  another  case  the  diarrhea  stopped  and  the 
hemoglobin  rose  from  45  per  cent  to  68  per  cent  in  one  month.  Methy- 
lene-blue  was  of  benefit  in  only  1  case. 

In  10  of  the  cases  in  which  amebas  were  a  complication,  treatment 
consisted  of  emetin,  ipecac,  and  coal-oil  enemas,  the  lamblias  being 
disregarded.  Five  of  these  were  symptomatically  relieved,  though  in 
1  case  there  was  a  recurrence  in  six  weeks.  In  none  did  this  treatment 
remove  the  lamblias.  In  I  instance  in  which  both  lamblias  and  amebas 
were  present  the  patient  was  treated  with  thymol  and  coal-oil  enemas; 
both  organisms  were  removed,  and  the  patient  was  relieved  of  the 
diarrhea. 

Thus  it  is  likely  that  when  the  pathogenicity  of  these  parasites  has 
been  disregarded,  the  diagnosis  and  treatment  of  many  patients  have 
not  been  correct;  and  that  when  Lamblia  intestinalis  has  been  con- 
sidered the  cause  of  the  condition,  and  treatment  has  been  instituted 
against  it,  better  results  have  been  obtained. 

Conclusions 

1.  Lamblia  intestinalis  should  probably  be  considered  a  pathogenic 
parasite. 

2.  We  have  obtained  no  definite  syndrome  in  our  series. 

3.  The  removal  of  lamblias  is  difficult. 

4.  The  beat  results  have  been  obtained  from  thymol  medication. 
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Eadameba  histolytica 9 

EDdamelM  histolytica  and  active  pulmonary  tuberculosis 1 

BodBineba  histolytica  and  hbtory  of  passing  recent  tapeworm  and  hook- 
Actively  motile  nmeba  (not  diagnosed)  ,  , 1 

Non-motile  ameba 2 

Encysted  Endameba  coli S 

Eadameba  coli i 

Ova  o(  tcDia 1 

Active  pulmonary  tuberculosis 4 

(1  with  tuberculous  peritonitis) 

(1  tubercle  badlli  found  in  stools) 

0  pulmonary  symptoms  came  eighteen  months  after  abdominal 
symptoms) 
Pernicious  anemia 2 
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DIVERTICULITIS  OF  THE  LARGE  INTESTINE* 

W.  J.  MAYO 

In  a  paper  on  acquired  diverticulitis  of  the  large  intestine,  in  1907, 
Wilson,  Giffin,  and  I'  were  able  to  demonstrate  the  pathology  and  to 
outline  the  clinical  history  of  the  condition  to  which  GraseH  called 
attention  in  1898.  Our  6ve  cases  in  which  the  diverticulous  sigmoid 
was  excised  proved  to  be  the  6rst  recorded  in  which  an  actual  demon- 
stration of  the  pathology  of  diverticulitis  was  established  during  life. 
Articles  dealing  with  postmortem  demonstrations  of  diverticula  of  the 
colon  had  been  rather  frequent.*  and  suggested  an  explanation  of  clinical 
experiences  such  as  those  recorded  in  the  contributions  of  Telling,* 
Brewer,*  Beer,'  Plummer,*  and  others. 

Since  the  recognition  of  the  condition  we  have  resected  portions  of 
the  large  intestine  for  diverticulosis  in  42  cases.  In  36  the  sigmoid  was 
invoK'ed,  in  1  the  transverse  colon,  in  1  the  ascending  colon,  in  1  the 
hepatic  flexure  and  cecum,  in  1  the  rectosigmoid  juncture,  and  in  2  the 
rectum.  The  number  of  cases  in  which  resection  was  not  done  but  in 
which  the  patient  was  operated  on  for  abscess,  fistula,  etc.,  is  not  given, 
because  the  presence  of  diverticula  was  not  proved  by  the  demonstration 
of  the  specimen.  The  diverticula  were  all  of  the  acquired  variety;  that 
is,  the  mucous  coat  pouched  through  small  openings  in  the  musculature 
in  contradistinction  to  true  diverticula  of  the  congenital,  traction,  or 
pubion  types  in  which  all  the  intestinal  coats  cover  the  sac.  The 
diverticula  were  multiple  and  occurred  at  any  weak  point  in  the  circum- 
ference of  the  colonic  wall,  such  as  vessel  holes  or  muscle  defects.  From 
1  to  8  inches  of  the  intestine  were  seriously  involved,  although  much 
longer  stretches  showed  a  diverticulous  tendency.  Hardened  masses 
of  feces  were  often  found  in  the  distal  extremity  of  the  narrow-necked 
diverticula,  although,  as  a  rule,  only  one  or  two  of  the  diverticula  were 
directly  responsible  for  the  existing  diverticulitis  and  peridiverticulitis. 

*  Preseatcd  before  the  Section  on  Obstetrics.  Gynecology  and  Abdominiil  Surgery  at 
the  Sixty-eighth  Annual  Session  of  the  American  Mcdicnl  Association,  New  York,  June, 
1917.  Ri^Dted  from  the  Jour.  Am.  Med.  Assn..  191T,  biix,  T81-T85. 
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The  signs  and  symptoms  closely  resembled  those  of  appendical  in- 
BBmmation,  with  the  marked  difference  that  in  the  great  majority  oS 
instances  the  disorder  was  on  the  left  side  of  the  abdomen.  It  is  alto- 
gether probable  that  most  of  the  reported  cases  of  so-called  "sigmoiditis" 
are  examples  of  diverticulitis. 

Of  the  42  patients  in  whom  resection  was  done,  66.6  per  cent  were 
males  and  8S.4  per  cent  females.  The  average  age  was  fifty-three  years. 
The  youngest  patient  was  twenty-seven  years  of  age  and  the  oldest 
seventy-three.  The  average  weight  was  175]/^  pounds.  The  hea\-iest 
patient  weighed  225  pounds,  the  lightest,  120  pounds.  Those  of  light 
weight  were  below  their  average  weight  for  the  previous  ten-year  period. 
In  many  cases  increased  de[>osit  of  fat  in  the  abdominal  cavity  un- 
doubtedly had  some  influence  in  the  development  of  the  diverticula, 
especially  if  there  had  been  a  tendency  to  the  formation  of  intestinal 
gases.  The  average  duration  of  symptoms  was  two  years;  the  longest 
twelve  years;  the  shortest  seven  days. 

In  34  of  the  42  patients  a  sensitive  tumor  was  present  in  the  left 
iliac  fossa  during  the  attack,  which  was  attended  by  localized  peritonitis 
and  often  by  intestinal  obstruction.  In  two  patients  diverticula  were 
found  in  the  rectum.  C.  H.  Mayo'  has  shown  that  occasionally  a  deep- 
seated  infection  about  the  rectum  eventuating  in  long  6stulous  tracts 
extending  from  the  perianal  region  into  the  pelvis  has  this  origin.  Twenty 
patients  had  pain  in  the  left  iliac  fossa.  In  32  constipation  was  marked. 
A  diagnosis  of  inflammatory  disease  was  made  in  20  of  the  42  cases.  The 
roentgen  ray  showed  obstruction,  but  in  acute  obstructions  it  did  not 
differentiate  diverticulitis  from  carcinoma,  although  it  usually  made  the 
differentiation  in  chronic  disease.  Carcinoma  was  present  in  13  cases 
(31  per  cent). 

Clinically,  cases  of  diverticulitis  may  be  readily  classified  into  four 
groups: 

Ghoup  I. ^fielf -limiting  diverticulitis  and  peridiverliculUis. — This 
group  includes  fleshy,  middle-aged  persons  who  present  themselves  with 
an  acute  sensitive  tumefaction  in  the  left  iliac  fossa.  The  mass  gradually 
disappears  in  the  course  of  some  days,  with  restoration  to  health.  The 
disturbance  is  due  to  irritation  of  fecal  concretions,  dead  epithelium,  and 
other  contents  in  the  thin-walled,  narrow-necked  sacs,  which  cause 
obstruction  from  edema  and  infection  and  penetration  of  bacteria  to 
the  peritoneal  surface.  There  is  marked  tendency  to  relapse  quite 
similar  in  character  to  that  of  relapsing  appendicitis,  and  in"  the  earl.v 
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histories  of  the  patients  of  Groups  i,  S,  and  4,  it  will  often  be  found  that 
several  such  attacks  had  occurred  before  the  severe  attack  which  neces- 
sitated surgical  interference.  That  diverticulitis  does  not  always  pro- 
duce trouble  is  shown  by  the  relative  frequency  with  which  this  condition 
is  found  postmortem,  by  the  frequency  with  which  diverticula  of  the 
sigmoid  are  a  chance  finding  in  the  course  of  abdominal  operations  for 
other  purposes,  and  by  the  frequency  with  which  routine  roentgen-ray 
examination  of  the  colon  shows  symptomless  diverticula.  We  should 
Dol  assume,  therefore,  that  the  presence  of  these  diverticula,  or  even 
a  single  mild  attack  of  diverticulitis  which  quickly  subsides  without 
obstruction  or  other  serious  symptoms,  necessitates  operation.  Patients 
of  this  kind  are  often  poor  surgical  risks  from  other  causes,  such  as 
obesity,  and  a  considerable  mortality  atteuds  resection,  the  only  opera- 
tion that  really  cures  the  disease.  It  is  only  in  those  cases,  therefore, 
in  which  the  symptoms  are  serious  or  the  disease  becomes  chronic  or 
relapsing  that  operation  is  to  be  considered. 

Group  8. — Diverticulitis  and  peridiverticulitis  with  formaiion  of  ab- 
scess resulting  in  enterovesical,  enterocuianeous,  and  other  fistulas. — This 
group  includes  those  cases  in  which  infections — either  a  developing 
peritonitis  with  abscess  formation  or  the  results  of  infectious  processes 
which  connect  the  diseased  colon  with  the  cutaneous  surface,  the  bladder, 
or  neighboring  intestine— lead  to  the  necessity  for  surgical  interference. 
The  rule  is  that  if  an  abscess  forms  it  should  be  opened  and  drained,  but 
a  serious  attempt  should  not  be  made  at  the  primary  operation  to  remove 
either  the  infected  diverticula  or  the  section  of  colon  which  contains 
them.  N'one  of  our  patients  has  died  from  a  general  septic  peritonitis 
as  the  primary  result  of  diverticulitis,  although  aiich  cases  have  been 
reported.  The  management  of  cases  of  complicated  fistulas  in  which 
there  are  openings  into  the  bladder  and  colon  and  to  the  cutaneous 
surface,  and  especially  that  most  common  type  in  which  an  internal 
Bstula  connects  the  bladder  and  the  sigmoid,  is  very  difficult.  The 
obesity  of  the  patient  and  the  enormous  amount  of  scar  tissue  which 
surrounds  the  fistulous  tracts  add  greatly  to  the  operative  difficulties. 
In  enterovesical  fistulas  we  have  opened  the  peritoneal  cavity,  dissected 
out  the  fistulous  tracts,  and  closed  the  openings  in  the  bladder  and  colon 
vdtfa  chromic  catgut  sutures.  Rarely  was  the  result  immediately 
satisfactory.  As  a  rule,  a  temporary  fecal  fistula  to  the  surface  formed 
after  a  few  days,  but  when,  following  operation,  the  bladder  and  sigmoid 
were  kept  separated  by  rolls  of  rubber  tissue,  and  especially  when  the 
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sutured  opening  in  the  sigmoid  was  protected  by  omentuni,  Utes/e 
secondary  fistulas  eventually  closed  spontaneously.  A  retention  catbt- 
ter  has  been  placed  in  the  bladder  for  a  week  and  a  rubber  tube  fastened 
into  the  rectum  following  operation,  to  relieve  tension. 

Group  S.—Obatructum.—ln  acute  diverticulitis  the  obstruction  is 
the  result  of  infection  and  edema.  Chronic  obstruction  is  due  to  hyper- 
plasia, adhesions,  and  angulation — the  hyperplastic  stenosing  type.  Tbe 


condition  is  practically  identical  with  those  in  Groups  1  and  2,  but  the 
addition  of  the  obstruction  in  these  cases  is  so  serious  a  feature  thai  it 
seems  best  to  classify  them  independently.  It  was  most  surprising, 
however,  when  the  entire  mass  was  dissected  out  and  the  diseased  bowel 
laid  open,  to  find  so  little  actual  obstruction.  In  this  group  a  tumor  is 
usually  found,  and  in  31  per  cent  malignant  disease  coexists.  I  do  not 
know  of  a  more  difficult  differentiation  than  to  foretell  whether  a  gi^'W 
obstructing  tumor  deep  in  the  iliac  fossa  of  an  adipose  patient  is  di^'^^ 
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ticuljtis  or  carcinoma  or  both.  On  a  number  of  occasions  I  have  gone 
down  on  such  tumors  which  had  been  explored  and  pronounced  inoper- 
able by  surgeons  of  skill  and  experience  and,  on  dissecting  the  tumor  out, 
found  that  it  was  diverticulitis  without  carcinoma  and  that  the  enlarge- 
ment of  the  lymphatic  glands,  which  had  been  one  of  the  determining 
factors  in  estimating  inoperability  at  the  previous  exploration,  was  due 
to  sepsis.     As  a  rule,  the  obstruction  from  diverticulitis  is  not  quite 
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complete.  In  this  respect  it  differs  from  that  of  carcinoma,  in  which 
condition  complete  obstruction  may  be  the  first  symptom  of  the  disease. 
Several  times,  with  great  difficulty,  I  have  dissected  out  a  considerable 
portion  of  the  sigmoid  and  found  that  the  infection  involved  only  one 
or  two  diverticula.  Therefore  the  offending  diverticula  might  have  been 
excised  and  the  patient  spared  the  risk  of  the  more  serious  operation. 
In  2  cases  it  was  possible  to  excise  infected  diverticula  successfully 
and  separate  the  obstructing  adhesions.     On  a  few  occasions  a  tumor 
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was  explored  because  of  our  inability  to  differentiate  diverticulitis  from 
carcinomatous  disease.     After  a  diagnosis  of  diverticulitis  was  estab- 


lished, drainage  was  instituted  for  the  relief  of  the  local  peritoneal 
infection,  with  recovery  of  the  patient.  Fortunately,  the  roentgen  ray 
now  furnishes  the  differentiation  in  a  high  percentage  of  cases.    In 
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acute  obstruction  it  may  be  necessary  to  make  a  colostomy  close  to  the 
obstructing  mass  so  that  the  colostomy  and  tumor  may  be  excised 
together  at  a  second  operation;  or  perhaps  a  better  plan  is  to  do  a  com- 
plete ileostomy  for  temporary  relief,  then  resect  later,  and  finally,  as  a 
third  stage,  restore  the  ileum  to  the  cecum. 

Group  4. — Carcinoma  developing  on  a  diverticulum. — This  group  is 
of  great  interest.  Among  the  42  cases  of  resection  for  diverticulitis, 
there  were  13  in  which  carcinoma  coexisted.  The  carcinoma  had  such 
definite  relationship  to  the  diverticulitis  as  to  make  it  reasonable  to 
assume  that  infection  and  irritation  by  hardened  fecal  masses  in  diver- 
ticula were  the  cause  of  chronic  irritation  and  precancerous  change. 
The  only  known  fact  of  importance  in  the  etiology  of  carcinoma  is  its 
relation  to  chronic  irritation.  The  term  "precancer"  is  used  to  denote 
certain  cell  changes  taking  place  in  the  area  of  chronic  irritation  which, 
if  found  in  connection  with  invasion  of  the  tissues,  would  be  typical  of 
carcinoma. 

Giffin*  found  that  for  every  sigmoid  resected  in  our  clinic  for  diver- 
ticulitis, seven  had  been  resected  for  carcinoma.  Our  statistics  show 
that  in  SOO  resections  for  carcinoma,  180  were  for  sigmoid  growths.  In 
48  cases  of  diverticulitis  of  the  large  intestine  the  diverticula  were  in  the 
sigmoid  in  36.  It  has  often  been  pointed  out  that  carcinoma  of  the  colon, 
especially  of  the  sigmoid,  may  progress  very  slowly.  Cases  have  been 
reported  in  which  a  colostomy  was  made  for  the  relief  of  obstruction 
due  to  supposed  carcinoma;  the  patients  lived  for  a  number  of  years 
and  then  died  with  carcinoma  of  the  sigmoid,  a  fact  which  apparently 
proved  that  the  condition  had  been  carcinoma  from  the  beginning  and 
that  the  natural  course  of  the  disease  had  continued  for  eight  or  nine 
years.  This  inference  is  unwarranted.  We  have  operated  in  several 
cases  of  this  type,  and  on  resection  of  the  growth  found  carcinoma 
developing  on  old  diverticulitis.  In  tracing  the  early  history'  it  could 
be  seen  that  the  diverticulitis  had  been  the  cause  of  the  obstruction  for 
which  the  colostomy  was  done,  and  that  the  carcinoma  had  developed 
at  a  much  later  date  as  the  result  of  the  chronic  irritation.  In  one 
rather  remarkable  case,  a  supposed  carcinoma  of  the  sigmoid,  associated 
with  a  carcinoma  of  the  transverse  colon,  was  found  on  exploration.  I 
removed  the  left  half  of  the  transverse  colon,  the  splenic  flexure,  the 
descending  colon,  and  part  of  the  sigmoid,  uniting  the  remainder  of  the 
transverse  colon  to  the  lower  sigmoid.  When  the  specimen  was  un- 
raveled, it  proved  to  be  diverticulosis  of  six  inches  of  the  sigmoid.     The 
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i  had  developed  on  one  diverticulum  which  had  become  adher- 
ent to  the  transverse  colon,  and  had  spread  into  the  peritoneal,  muscular, 
and  submucous  coats  of  the  transverse  colon  without  penetrating  the 
mucosa.  There  was  no  carcinoma  in  the  sigmoid,  the  malignant  process 
being  confined  strictly  to  the  diverticulum  and  the  transverse  colon. 
At  the  present  time  it  is  usually  possible  to  differentiate  between  diver- 
ticulitis and  carcinoma  by  the  roentgen  ray,  since  in  carcinoma  a  filling 
defect  will  be  found  in  addition  to  the  less  reliable  findings  of  blood,  pus, 
and  mucus  in  the  stool.     With  the  sigmoidoscope  we  have  been  able  to 
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differentiate  carcinoma  associated  with  diverticulitis  of  the  lower  sigmoid 
and  rectosigmoid,  but  have  not  been  able  to  demonstrate  diverticula. 

Some  of  our  patients  with  carcinoma  associated  with  diverticula 
gave  a  long  history  of  having  had,  at  various  times,  inflammatory  attacks 
with  development  of  tumefactions  which  disappeared.  After  the  car- 
cinoma developed,  the  symptoms  became  more  or  less  continuous.  In 
reviewing  a  series  of  early  specimens  of  sigmoid  resected  for  supposed 
carcinoma,  Wilson'"  found  that  three  which  had  been  resected  years  ago, 
before  all  specimens  were  subjected  as  a  routine  to  microscopic  examina- 
tion, showed  diverticulitis  and  no  carcinoma.  The  association  of  car- 
cinoma with  diverticulitis  leads  to  the  conclusion  that  when  a  tumor 
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appearing  to  be  diverticulitis  but  without  acute  symptoms  is  found  in 
the  sigmoid  or  colon,  and  especially  if  the  tumefaction  only  partially 
subsides  and  then  continues  as  a  chronic  mass  causing  symptoms  more 
or  less  marked,  carcinomatous  change  is  to  be  suspected  and  resection 
should  be  done.     If  there  is  definite  obstruction  at  the  time,  or  if  the 


disease  is  advanced,  the  two-stage  operation  of  Mikulicz,  Bruns  and 
Paul,  as  described  by  C.  H.  Mayo,  may  be  adopted.  Frequently,  in- 
stead of  leaving  the  tumor  attached  in  the  wound,  we  have  cut  the 
protruding  bowel  and  tumor  off,  leaving  the  two  ends  of  the  intestine 
closed  by  a  clamp  on  each,  suturing  the  intestinal  stumps  into  the  wound 
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behind  the  clamps,  and  thoroughly  covering  the  parts  with  petrolatum. 
After  from  twenty-four  to  forty-eight  hours,  or  as  long  as  the  patient 
was  able  to  stand  the  gas  pressure  from  the  complete  obstruction,  the 
clamps  were  removed.  The  suggestion  of  Peck"  to  leave  the  ends  of 
the  intestine  closed  for  some  hours  until  adhesion  takes  place  has  been 
of  great  value  on  a  number  of  occasions,  and  pertnits  primary  union  of 
the  operative  wound. 

Of  42  patients  with  diverticulitis,  with  and  without  carcinoma,  on 
whom  we  have  done  resections,  14  per  cent  died  as  the  result  of  the 
operation;  that  is,  within  four  weeks.  The  mortality  was  high,  but  it 
must  be  taken  into  consideration  that  these  patients  were  usually  adi- 
pose, and  it  was  often  necessary  to  operate  during  the  stage  of  obstruc- 
tion, infection,  etc.  A  large  majority  of  the  fatalities  occurred  in  the 
earlier  period,  when  it  was  believed  that  the  tumefaction  was  due  to 
carcinoma,  and  extensive  dissections  seemed  to  be  indicated.  It  is  of 
great  value,  therefore,  to  be  able  to  differentiate  between  diverticulitis 
and  carcinoma,  as  in  diverticulitis  the  removal  of  the  mass  of  tissue  which 
would  be  essential  in  carcinoma  is  not  necessary.  When  a  primary 
resection  was  made,  we  employed  an  end-to-end  union,  but  as  a  rule 
found  it  wise  either  to  suture  the  anastomosed  area  well  up  into  the 
peritoneum  and  leave  the  suture  line  exposed,  or  to  pass  a  folded  strip 
of  rubber  tissue  entirely  around  the  anastomosis  to  suspend  it  in  the 
'wound,  as  there  was  a  tendency  to  late  infections,  and  unless  provision 
was  made  for  drainage,  slowly  progressing  peritonitis  occasionally  caused 
death.  To  provide  against  gas  pressure  we  have  sometimes  passed  a 
good-sized  red  rubber  tube  by  way  of  the  rectum  entirely  through  and 
well  above  the  anastomosed  area  and  fastened  it  with  a  single  suture 
to  the  anus. 

In  very  extensive  cases  with  (^'^'^^^ction,  Balfour'-  advises  making 
a  complete  ileostomy  close  to  the  cecum  after  the  manner  of  Brown,'* 
bringing  the  end  of  the  Ueum  out  through  a  small  opening  in  the  right 
side  and  closing  its  dbtal  end  completely,  thus  entirely  diverting  the 
intestinal  contents  from  the  large  intestine.  A  cecostomy  is  made  at 
the  same  time  for  cleansing  the  colon.  This  renders  a  resection  of  the 
involved  colon  much  safer  subsequently.  Later,  the  end  of  the  ileum 
is  joined  to  the  cecum  end-to-side.  A  great  advantage  of  this  procedure 
is  that  the  colon  can  be  cleansed  and  maintained  empty,  and  soon  be- 
comes nearly  free  from  bacteria.  Considerable  experience  with  com- 
plete ileostomy  in  the  management  of  ulceration  of  the  colon  has  shown 
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that  the  patient  maintains  weight  and  excellent  health,  and  that  the 
disability  is  not  at  all  so  great  as  would  be  thought.  After  several  weeks 
the  stool  becomes  partly  formed,  is  easily  caught  and  contained  in  any 
one  of  the  various  colostomy  bags,  and  there  is  much  less  odor  than 
with  a  colostomy.  I  venture  to  say  that,  on  the  average,  an  ileostomy 
is  much  less  of  a  nuisance  than  a  colostomy.'* 
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REMOVAL  OF  TUMORS  IN  THE  MUCOUS 

MEMBRANE* 

W.  J.  MAYO 

The  large  intestine  snd  rectum  are  prone  to  the  development  of 
tumors  of  an  adenomatous,  papillomatous,  or  fibrous  character.  Mul- 
tiple adenomas,  familiarly  known  as  polyps  of  the  rectum,  multiple 
papillomas,  or  intestinal  warts,  and  an  infectious  type  in  which  small 
mucoid  growths  develop  as  the  result  of  an  inflammatory  process  in  the 
mucous  membrane,  form  well-defined  clinical  groups.  On  exploration, 
the  entire  large  intestine  and  rectum  will  often  be  found  involved.  A 
considerable  percentage  of  persons  suffering  from  these  inveterate  dis- 
orders eventually  develop  malignancy.  When  seen  early,  the  malig- 
nancy is  usually  found  confined  to  a  single  growth,  but  later  a  large 
number  of  the  growths  undergo  malignant  change,  probably  because  of 
the  seeding  of  small  transplants  from  the  original  focus.  However,  I 
have  observed  patients  who  have  had  polyposis  of  the  large  intestine  for 
years  without  the  development  of  malignancy. 

As  to  the  cause  of  polyposis  and  allied  conditions,  there  seems  to  be 
no  well-defined  knowledge,  but  there  is  an  impression  that  the  polyps 
are  the  results  of  transplants  carried  up  and  down  the  intestinal  tract 
by  normal  and  re^-erse  peristalsis  from  a  single  primary  growth.  The 
mucoid  growths  have  an  infectious  origin.  Many  patients  become 
extremely  cachectic  as  a  result  of  the  hemorrhages  and  exhausting  dis- 
charges caused  by  these  growths.  For  relief  it  occasionally  becomes 
necessary  to  do  a  colectomy  as  far  as  the  lower  sigmoid.  Later,  by 
means  of  a  snare,  the  cautery,  fulguration,  or  radium,  the  remaining 
growths  are  removed  from  the  rectum  and  rectosigmoid.  Soper  has 
published  an  interesting  report  of  a  case  of  this  description  operated  on 
by  Bartlett. 

*  Submitted  for  publication  April  19.  191T.     Reprinted  from  Ann.  ol  Surg,,  1917, 
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In  the  frankly  infectious  cases  which  develop  mucoid  growths  the 
infection  will  subside  following  an  ileostomy  (Brown)  whereby  the  entire 
large  intestine  is  put  at  rest  for  six  months  or  more.  Several  patients 
have  been  cured  in  this  way  in  our  clinic,  so  that  reimplantation  of  the 
ileum  to  the  colon  was  not  followed  by  a  recurrence.  Occasionally  thb 
method  of  treatment  will  prove  efficacious  and  result  in  cure  in  polyposis. 
Therefore,  before  doing  a  colectomy,  it  is  wise  to  do  an  ileostomy  and 
wait  some  months  to  ascertain  whether  or  not  the  polyps  will  disappear. 
In  the  meantime  the  rectum  and  lower  sigmoid  should  be  cleared  of 
visible  polyps,  and  the  colectomy,  if  necessary,  done  as  a  secondary 
procedure.  A  complete  ileostomy  gives  less  anndyancc  than  a  colos- 
tomy; the  stool  soon  becomes  semisolid,  is  easily  caught  in  a  suitable 
container,  and  is  nearly  free  from  odor. 

Localized  polyposis,  usually  limited  to  one  or  two  polyps  of  a  fibrous 
character,  is  often  found  in  the  ampulla  of  the  rectum.  Such  tumors 
become  more  and  more  pedunculated  until  they  may  be  extruded  from 
the  anus  with  the  stool  and  require  replacement  after  each  evamation. 
A  favorite  seat  of  single  polyps  and  localized  papillomatous  growths  is 
in  the  lower  sigmoid  and  rectosigmoid.  When  pedunculated,  they  can 
be  removed  through  the  sigmoidoscope  by  the  cold  wire.  However,  in 
this  situation  they  are  less  frequently  pedunculated,  and  may  be  com- 
pletely sessile.  Patients  with  such  growths  have  blood,  mucus,  and 
purulent  discharges  from  the  rectum  and  a  sense  of  uneasiness  and  gas 
in  the  lower  sigmoid,  signs  and  symptoms  which  call  for  careful  sig- 
moidoscopic  examination. 

The  condition  of  the  lower  sigmoid  and  rectosigmoid  is,  in  a  way, 
somewhat  similar  to  that  of  the  ampulla  of  the  rectum  in  its  relation  to 
the  sphincter.  The  rectum  proper  begins  at  the  middle  of  the  third 
sacral  vertebra  and  is  derived  from  the  cloaca,  a  highly  differentiated 
part  of  the  hind  gut.  At  the  juncture  of  the  sigmoid  and  rectum  in  most 
persons  (Jonnesco)  there  is  a  marked  change  in  the  mucous  membrane 
and  a  very  considerable  narrowing.  Reeves,  in  a  recent  anatomic 
research  on  cadavers,  found  that  this  narrowing  existed  in  80  per  cent 
and  amounted  to  a  constriction  in  5  per  cent. 

Attempts  to  remove  sessile  tumors  located  in  the  lower  sigmoid, 
through  the  sigmoidoscope,  are  not  unattended  with  danger,  and  per- 
foration with  death  from  septic  peritonitis  as  the  result  of  such  more  or 
less  blind  procedures  has  been  reported.  We  have  found  transperitoneal 
aigmoidotomy  a  simple,  safe,  and  satisfactory  procedure  for  the  removal 
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of  these  tumors.  A  fragment  from  the  growth,  as  exposed  by  the 
operation,  may  be  removed  for  oiicroscopic  examination  of  the  frozen 
section,  so  that  operation  may  proceed  more  or  less  extensively  as  indi- 
cated. Such  an  examination  is  satisfactory  pro\'ided  a  piece  of  tissue 
ia  secured  which  is  representative  of  the  structure  of  the  growth.     The 


inciiiun  with  tr«lion  utuns  in  plact. 

tearing  off  of  fragments  from  a  growth  for  examination  admits  of  the 
possibihty  of  infection  of  the  growth  itself,  which  may  result  in  invasion 
of  the  blood-vessels  and  lymphatics  by  cancer,  if  this  disease  is  present, 
and  lead  to  metastasis  in  the  liver  or  glands.  I  always  regret  the  neces- 
sity for  excising  a  section  from  a  doubtful  growth  unless  the  entire  growth 
can  be  immediately  removed  if  malignancy  is  established.     Under  any 


by  LlOOglC 


132  W.   J.    MAYO 

circumstaoces,  the  site  from  which  the  section  was  removed  should  be 
immediately  sterilized  with  the  cautery.  It  must  be  remembered,  also, 
that  unless  the  entire  growth  is  given  to  the  pathologist,  a  positive 
opinion  is  the  only  opinion  of  value;  a  negative  opinion  can  be  accepted 
only  from  an  examination  of  the  entire  specimen. 


The  technic  for  removing  such  growths  by  transperitoneal  sig- 
moidotomy  is  quite  simple,  and  the  illustrations  which  were  made  by 
Miss  Fry  from  a  recent  case  require  little  comment.  The  abdomen  is 
opened  in  the  midline,  suprapubically,  and  a  Balfour  self-retaining 
speculum  adjusted  (Fig.  53).     A  moderate  Trendelenburg  with  a  pack 
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gives  good  exposure.  We  now  seldom  use  the  exaggerated  Trendelen- 
burg, and  in  old  and  adipose  persons  we  are  especially  cautious  in  this 
respect.  The  sigmoid  is  opened  on  the  anterior  longitudinal  band  as 
nearly  opposite  the  tumor  as  possible  (Fig.  54),  and  the  tumor  is  ex- 
posed, drawn  through,  and  double  clamped  (Fig.  55).  The  growth  is 
removed  with  the  cautery  and  the  defect  closed  from  the  mucous  side 
by  continuous  sutures  of  chromic  catgut  after  the  method  devised  by 


Fw.  M.— ClnDipa  catcbioa  itnnnal  mucau.     Gnvtb  Fin.M.— CimlinucHucntEuliuluRplxHlvoiiDd 

beiaE  buntnToff  by  caul^y.  larfrfK,  Fur  dbure   at  ddvcl  in  mucoH  (Pikhcr 

Pilcher  for  the  excision  of  hemorrhoids  (Fig.  56),  and  covered  on  the 
peritoneal  side  with  a  few  interrupted  silk  sutures.  The  incision  in  the 
sigmoid  is  then  closed  with  continuous  catgut  and  interrupted  fine  silk 
(Fig.  57).  We  then  pass  a  red  rubber  tube  up  into  the  sigmoid  beyond 
the  line  of  sutures  and  fasten  it  with  a  catgut  suture  to  the  anus;  this 
is  left  in  situ  for  a  few  days  to  prevent  gas  pressure.  We  have  never 
applied  this  procedure  to  frank  malignant  growths,  but  for  growths 
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similar  to  the  papilloma  shown  in  the  drawings  it  will  be  found  most 
efficient. 
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The  rectosigmoid,  the  narrowest  part  of  the  large  intestine,  consists 
of  S.5  inches  of  the  intestinal  tract,  which  includes  the  terminal  i  inches 
of  the  sigmoid  and  the  proximal  1.5  inches  of  the  rectum.  It  is  a  definite 
mechanism  which  retards  the  fecal  current  and  prevents  continuous 
progress  of  the  intestinal  contents  into  the  rectum.  The  examination 
of  a  large  number  of  men  for  army  service  demonstrates  that  in  the  adult 
the  normal  rectum  does  not  retain  feces  for  any  length  of  time,  and 
when  it  does,  such  action  is  artificial  and  pathologic.  With  the  excep- 
tion of  the  pyloric  end  of  the  stomach  and  the  first  portion  of  the  duode- 
num, the  rectosigmoid  is  more  frequently  diseased  than  any  correspond- 
ing portion  of  the  gastro-intestinal  tract. 

In  the  older  anatomies  the  terminal  two  inches  of  the  sigmoid  was 
often,  if  not  usually,  called  the  first  portion  of  the  rectum,  because  of 
certain  anatomic  peculiarities  which  rendered  it  difiBcult  to  say  with 
certainty  whether  it  was  sigmoid  or  rectum.  Following  the  researches 
of  Treves  and  Jonnesco,  it  was  definitely  concluded  that  this  portion  of 
the  intestinal  tract  was  a  part  of  the  sigmoid  and  it  is  so  designated  in 
all  of  olir  later  anatomies.  The  rectum  proper  begins  at  the  middle  of 
the  third  sacral  vertebra  and,  anatomically  speaking,  ends  at  the  level 
of  the  apex  of  the  prostate  in  the  male  and  at  the  upp>er  level  of  the 
perineal  body  in  the  female,  sites  which  mark  the  beginning  of  the 
so-called  second  portion  of  the  rectum,  or  more  correctly,  the  anal  canal. 

The  anal  canal  of  Symington  has  its  origin  in  the  proctodeum  or 
skin  infold.  It  is  lined  with  pavement  epithelium,  has  no  mucous 
glands,  and  is  in  no  way  a  part  of  the  rectum,  but  is  rather  a  retentive 
mechanism  extraordinarily  well  adapted  to  temporary  rectal  retention. 
The  anal  canal  is  about  3  cm.  in  length,  and  passes  upward  and  forward 
at  such  an  angle  in  relation  to  the  musculature  of  the  rectum  as  to  relieve 
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the  strain  on  the  sphincter  muscles.  This  valve  type  of  mechanism  is 
exhibited  in  the  compression  of  the  ureter  in  the  wall  of  the  bladder  and 
of  the  common  duct  in  the  wall  of  the  duodenum.  Its  most  important 
artificial  imitation  is  shown  in  the  brilliant  work  of  Coffey  which  has 
made  transplantation  of  the  ureters  to  the  large  intestine  an  operation 
of  safety  and  precision. 

The  rectum  is,  therefore,  a  single  organ  averaging  11  cm.  in  length, 
with  a  protective  sigmoid  mechanism  above  and  the  sphincter  apparatus 
of  the  anal  canal  below.  The  upper  of  the  two  left  valves  of  Houston, 
which  is  nearly  always  discernible  although  sometimes  rudimentary, 
lies  just  below  the  inferior  margin  of  the  terminal  sigmoid  constriction. 
The  lower  left  valve  of  Houston  lies  below  the  level  of  the  peritoneum, 
while  the  single  large  right  valve,  which  is  nearly  always  present,  pro- 
jects well  across  the  lumen  of  the  rectum  near  the  mid-point. 

The  ampulla  of  the  rectum  may  be  described  as  the  sacculated  por- 
tion lying  between  the  anal  canal  and  the  lower  left  valve  of  Houston. 
The  middle  portion  of  the  rectum  ends  above  at  the  right  valve,  while 
the  upper  rectum  extends  to  the  sigmoid  at  the  upper  left  valve.  The 
index-finger  of  the  average  examining  hand,  when  the  anal  canal  is 
forcibly  elevated,  can  reach  to,  and  often  a  little  above,  the  right  valve 
of  Houston,  but  not  to  the  rectosigmoid  juncture  (Fig.  58). 

This  interpretation  of  the  anatomy  of  the  rectum  is  in  harmony  with 
its  embryologic  origin.  The  rectum  proper  is  derived  from  the  cloaca, 
a  highly  differentiated  part  of  the  hind  gut,  from  which  also  the  bladder 
is  derived.  Definite  anatomic  changes  are  to  be  found  in  the  epithelial 
layers  of  the  mucous  membrane  at  the  rectosigmoid  juncture  and  possi- 
bly a  tissue  weakness  worthy  of  note. 

The  terminal  two  inches  of  the  sigmoid  (Fig.  58)  has  considerable 
resemblance  to  the  lower  rectum  just  above  the  anal  canal.  The  more 
or  less  circular  folds  of  the  mucous  membrane  of  the  sigmoid  here  take  on 
a  longitudinal  arrangement  with  much  the  appearance  of  the  columns 
of  Morgagni  and  the  rectal  sinuses,  and  end  in  a  rudimentary  sphincter 
apparatus  at  the  very  beginning  of  the  rectum.  This  hint  of  a  sigmoid 
sphincter  at  the  rectosigmoid  union  forms  a  well-marked  resisting 
constriction  to  the  readily  dilatable  sigmoid  above  and  the  rectum  below 
(Jonnesco,  Markel). 

Examination  shows  that  this  circular  band  at  the  termination  of  the 
sigmoid  contains  considerable  non-striated  muscle-fiber  (Figs.  58  and 
59).     Clinically,  there  is  often  seen  through  the  proctoscope,  when  the 
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patient  strains  during  examination,  a  tendency  of  the  movable  sigmoid 
to  project  through  this  muscle  band  as  a  slight  intussusception  into  the 
fixed  rectum.     Tumors  in  the  terminal  sigmoid  are  not  infrequently 


n,.  Sa.—Tr,miBM\  liinioid,  rectum,  ind  .nit  canal  Ironi  iiuidc. 

intussuscepted   into  the  rectum,  giving   the  diagnostician  on  digital 
examination  the  erroneous  impression  that  they  are  rectal. 

Through  the  kindness  and  with  the  aid  of  Dr.  C.  M.  Jackson,  head 
of  the  Department  of  Anatomy,  University  of  Minnesota,  Dr.  T.  B. 
Reeves,  at  my  request,  carefully  dissected  the  rectum  in  46  cadavers. 
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The  terminal  sigmoid  constriction  (Figs.  58  and  59)  was  found  in  80 
per  cent,  and  in  2  of  the  46  it  amounted  to  a  definite  narrowing  which 
reduced  the  caliber  of  the  rectosigmoid  juncture  to  a  considerable  extent. 
This  narrowing  seems  to  have  attracted  little  attention  from  surgeons, 
and  in  the  large  majority  of  cases  it  is  so  slight  as  to  be  readily  over- 
looked (Fig-  58).     In  addition,  the  anatomy  was  very  carefully  worked 


out  in  the  cases  presented  for  operation,  and  the  drawings  are  the  result 
of  these  combined  studies. 

Examination  of  the  rectosigmoid,  that  is,  the  part  of  the  rectum 
which  lies  above  the  right  valve  of  Houston  and  the  terminal  two  inches 
of  the  sigmoid  from  the  inside,  shows  not  only  those  definite  changes  in 
color  and  arrangement  of  the  mucous  membrane  which  characterize 
the  rectum  and  sigmoid  respectively,  but  also  in  a  high  percentage  of 


cy  Google 


A    STUDY    or   THE   RECTOSIGMOID  139 

subjects  the  rudiments  of  the  terminal  sigmoid  sphincter  which  defines 
the  two  organs.  Examination  of  the  outside  of  the  rectosigmoid  dis- 
closes prominent  features  of  identification:  (1)  The  rectum  has  no 
mesentery ;  (2)  the  longitudinal  muscle  bands  of  the  sigmoid  spread  out, 
making  a  complete  longitudinal  layer  for  the  rectum;  (3)  the  superior 
rectal  artery  divides  into  the  right  and  left  branches  at  the  origin  of  the 
rectum;  and  (4)  the  absence  of  epiploic  tags,  which  are  found  on  the 
sigmoid  to  its  end  (Fig.  59). 

The  impression  is  gained  that  ordinarily  the  rectosigmoid  is  an 
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arrangement  for  retention  of  contents  in  the  sigmoid  proper,  and  that 
under  certain  circumstances  the  controlling  mechanism  may  subject 
the  parts  to  undue  stress. 

The  rectosigmoid  apparatus  is  controlled  by  the  pelvic  plexus  of 
nerves  which  is  made  up  of  a  variable  number  of  sympathetic  ganglia 
joined  from  above  by  spinal  nerves  from  the  lumbar  region  and  from 
below  by  spinal  nerves  from  the  sacral  region.  From  the  lower  part  of 
the  pelvic  plexus  nerves  can  be  traced  into  the  rectosigmoid  region  and 
the  rectum.  The  inferior  mesenteric  plexus,  containing  a  variable 
number  of  sympathetic  ganglions,  follows  along  the  course  of  the  superior 
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hemorrhoidal  arteiy  and  helps  to  supply  the  rectosigmoid  and  the 
upper  part  of  the  rectum.  According  to  Langley  and  others,  the  nerves 
derived  through  the  hypogastric  plexus  are  inhibitory  in  action,  while 
those  from  the  spinal  and  sacral  nerves  are  motor  (Fig.  61). 

In  addition  to  the  nerves  mentioned,  the  smooth  muscle-fibers  which 
compose  the  musculature  of  the  rectosigmoid,  like  all  non-striated 
muscle-fibers,  have  the  power  of  originating  contraction  and,  according 
to  Keith,  these  impulses  are  collected  in  certain  neuromuscular  nodes 


Fif.  41. — Tlv  dnper  uttDDlv  df  (lif  ngiaoiliowii  in  Fig,  flO  u  fipo«d  hv  sFctian 
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and  correlated.  Failure  of  coordination  results  in  a  most  curious  and 
interesting  pathologic  phenomenon:  the  so-called  idiopathic  dilatation 
of  the  colon,  or  Hirschsprung's  disease.  A  number  of  cases  of  this 
condition  have  been  recognized  since  the  attention  of  American  surgeons 
was  called  to  it  by  Finney.  The  disease  is  similar  in  origin  to  cardio- 
spasm at  the  cardiac  orifice,  pylorospasm,  and  stasis  at  the  ileocecal 
valve. 

The  terminal  sigmoid,  as  held  by  its  mesentery,  has  considerable 
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play,  and  it  curves  from  its  rectal  attachment.  The  longitudinal 
muscle  bands  are  well  developed  and  by  spreading  out  grasp  the  entire 
rectum.  It  is  probable  that  contraction  of  these  bands  from  the  fixed 
point  of  the  rectum  under  proper  stimulation  enables  the  sigmoid  to 
straighten  and  pour  its  contents  into  the  rectum,  while  under  ordinary 
circumstances  the  angulation  is  co^ffective  in  retention.  Investigation 
shows  that  the  emptying  of  the  large  intestine  from  the  splenic  flexure 
is  accomplished  largely  by  sipbonage.     The  hardened  head  of  the  fecal 


current  rests  at  the  rectosigmoid  and  the  siphon  is  established  when 
this  mass,  which  can  be  compared  to  the  piston  of  a  syringe,  moves 
onward. 

From  the  foregoing  it  may  be  seen  that  the  rectosigmoid  is  a  distinct 
anatomic  region  which  possesses  some  of  the  characteristics  of  the 
pylorus  and  of  the  ileocecal  mechanism,  and  that  it  depends  on  its 
anatomic  arrangement  for  function.  The  difficulty  of  guiding  tubes 
and  instruments  from  the  rectum  into  the  sigmoid  is  due  to  the  recto- 
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sigmoid  mechanism  and  makes  futile  the  use  of  the  soKraDed  colonic  tube 
in  which  the  passage  of  a  length  of  tube  out  of  sight  into  the  rectum, 
where  it  remains  coiled,  leads  to  the  supposition  that  it  has  passed  into 
the  sigmoid.  Single  or  several  polyps  which  are  so  frequently  found  in 
the  ampulla  of  the  rectum  and  which,  on  straining,  are  grasped  in  the 
sphincter  apparatus  and  rendered  pedunculated,  have  their  counterpart 
in  the  single,  or  at  most,  two  or  three  polyps,  which  are  so  often  found 
in  the  terminal  sigmoid  and  which  for  the  same  reasons  have  become 
pedunculated  into  the  rectum. 

Experienced  observers  have  called  attention  to  the  frequency  of 
infections,  polyps,  diverticula,  and  various  other  pathologic  conditions 
in  the  terminal  sigmoid.  With  the  exception  of  the  pyloric  end  of  the 
stomach,  carcinoma  is  to  be  found  more  frequently  in  this  3.5  inches 
than  in  any  corresponding  part  of  the  gastro-intestinal  tract.  In  an 
investigation  of  the  last  100  specimens  of  cancer  of  the  rectum  and 
rectosigmoid  removed  consecutively  at  St.  Mary's  Hospital,  Rochester, 
Minnesota,  it  was  found  that  iS  were  located  in  the  rectosigmoid  junc- 
ture, extending  as  much  onto  the  rectal  as  onto  the  sigmoid  side,  21 
involved  the  juncture,  but  extended  more  onto  the  rectal  than  onto  the 
sigmoid  side,  14  involved  the  juncture,  but  extended  more  onto  the 
sigmoid  than  onto  the  rectal  side.  Thus  63  per  cent  involved  the 
rectosigmoid,  30  per  cent  the  rectum  only,  and  7  per  cent  the  anal  canal. 
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With  tbe  multiplication  of  various  aids  to  the  diagnosis  of  disease 
of  the  urinary  tract  there  has  been  an  increasing  tendency  to  employ 
one  and  all  of  the  methods  without  considering  their  individual  neces- 
sity. As  a  result,  many  unfortunate  complications  have  arisen  which 
could  have  been  obviated  if  greater  care  and  better  judgment  had  been 
exercised.  The  following  rule  should  be  adhered  to  as  a  guiding  princi- 
ple by  every  urologbt;  namely,  make  no  manipulation  in  the  urinary 
tract  other  than  is  necessary  in  order  to  complete  a  diagnosis. 

We  have  grown  to  regard  simple  cystoscopy  such  a  conmionplace 
diagnostic  procedure  that  we  are  apt  to  employ  it  when  the  clinical  data 
are  sufiBcient  without  it.  There  should  be  well-founded  indications  for 
cystoscopic  examination.  In  the  presence  of  a  negative  urinalysis  and 
negative  physical  examination  a  cystoscopic  examination  should  not  be 
made  merely  because  the  patient  complains  of  a  slight  degree  of  bladder 
irritability.  Xor  is  an  occasional  pus-cell  in  the  urine  a  su£5cient  reason 
for  cystoscopic  examination  in  the  absence  of  other  indications,  since 
an  occasional  pus-cell  or  red  blood-cell  is  frequently  found  in  a  passed 
specimen  of  urine  when  there  is  no  lesion  in  the  upper  urinary  tract. 
It  is  unnecessary  to  state  that  the  finding  of  pus-cells  in  the  urine  of  a 
female  patient  is  of  no  value  unless  the  urine  is  obtained  by  catheter. 
Cystoscopy  should  not  be  resorted  to  in  order  to  identify  every  obscure 
abdominal  pain  unless  the  pain  is  associated  with  renal  or  vesical  radia- 
tion. Neither  is  it  necessary  to  resort  to  cystoscopy  to  identify  every 
indefinite  shadow  in  the  roentgenogram  unless  supported  by  clinical  in- 
dications. There  are  usually  definite  contraindications  to  any  cystoscopic 
procedure:  (1)  When  the  patient  is  aged  and  infirm;  (S)  when  the  pa- 
tient is  in  an  emaciated  and  weakened  condition;    (3)  when  there  is 
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bilateral  renal  involvemeiit  of  extreme  degree,  and  (4)  when  it  is 
apparent  that  no  surgical  procedure  would  be  of  benefit. 

Routine  cystoscopic  examination  in  every  case  of  prostatic  hyper- 
trophy is  unnecessary  and  may  be  followed  by  grave  complications.  I 
have  known  death  to  result  on  several  occasions  following  cystoscopic 
examination  in  the  presence  of  a  very  large  prostate.  In  prostatic  hy- 
pertrophy cystoscopy  should  be  attempted  only;  (1)  When  on  rectal 
examination  the  prostate  is  so  small  that  it  is  questionable  whether  it 
could  be  the  cause  of  urinary  obstruction;  (2)  when  the  patient's 
symptoms  are  suggestive  of  a  foreign  body,  tumor,  diverticulum,  or  uni- 
lateral renal  complication,  and  (3)  when  the  roentgen  ray  shows  shadows 
of  a  questionable  nature.  When  the  roentgen  shadow  is  definitely  the 
shadow  of  a  large  stone  there  is  no  need  of  cystoscopy  to  corroborate  it. 

When  a  cystoscopic  examination  is  indicated  in  the  presence  of  a 
large  gland  it  is  well  to  use  a  cystoscope  of  small  caliber.  Such  an  in- 
strument should  be  used  more  frequently  in  routine  cystoscopy  of  con- 
ditions other  than  hypertrophy.  Many  urethras  are  too  small  to  permit 
of  the  passage  of  standard-sized  cystoscopes  without  injury.  A  cysto- 
scope of  large  caliber  will  frequently  cause  considerable  bleeding  and 
laceration  of  the  urethra,  and  its  use  is  often  followed  by  severe  forms 
of  urethritis  and  prostatitis.  I  have  observed  several  cases  in  which 
a  stricture  of  the  urethra  followed  cystoscopic  injury.  Although  a 
cystoscope  of  small  caliber  usually  permits  only  single  ureteral  cathe- 
terization, nevertheless  a  fairly  complete  examination  can  be  made. 
When,  on  attempting  cystoscopy,  intolerable  pain  is  caused,  it  is  unwise 
to  endeavor  to  complete  the  examination  at  one  time.  If  the  bladder  is 
catheterized  and  irrigated  daily  over  a  period  of  ten  days  or  two  weeks, 
it  is  surprising  how  much  more  tolerant  the  patient  becomes  to  instru- 
mentation. 

Severe  reaction  is  occasionally  seen  following  simple  catheterization 
of  the  ureters.  I  have  observed  several  patients  who  have  been  in  bed 
as  long  as  several  weeks  with  chills  and  fever  following  simple  cathe- 
terization of  a  kidney  previously  normal.  Only  recently,  in  a  case  in 
which  a  ureteral  catheter  was  introduced  into  the  pelvis  of  a  supposedly 
well  kidney  (the  other  one  being  destroyed)  and  allowed  to  remain  in 
the  ureter  for  fifteen  minutes  while  a  differential  functional  test  was 
made,  there  was  subsequent  acute  exacerbation  of  a  mild  chronic 
pyelonephritis,  uremia,  and  death.  Although  it  is  true  that  in  a  vast 
majority  of  cases  there  is  no  danger  in  renal  catheterization,  I  have 
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repeatedly  observed  instances  in  which  an  infection  occunred  in  the  pre- 
viously healthy  kidney  following  catheterization  when  infection  was  pres- 
ent in  the  other  kidney.  When  it  is  apparent  that  the  patient's  symp- 
toms are  caused  by  lesions  in  the  bladder  or  urethra,  it  is  not  always 
necessary  to  catheterize  both  kidneys.  When  it  is  apparent  that  there 
is  a  unihiteral  surgical  kidney,  it  is  often  unnecessary  to  cathet«rize 
the  other  kidney.  However,  should  there  be  any  doubt  as  to  the  func- 
tional value  of  the  other  kidney,  and  catheterization  is  necessary  to 
ascertain  this,  the  procedure  is  justified.  Occasionally  catheterization 
of  the  normal  kidney  may  be  obviated  by  the  simple  procedure  of  cathe- 
terizing  the  diseased  kidney  and  making  a  differential  functional  test. 
The  bladder  specimen  will  then  represent  the  functional  activity  of 
the  non-catheterized  kidney. 

Considerable  trauma  and  unnecessary  pain  may  be  caused  by  the  use 
of  a  ureteral  catheter  of  too  large  caliber.  There  is  usually  much  less 
reaction  following  the  use  of  a  catheter  of  a  caliber  which  permits  it  to 
be  introduced  without  meeting  much  obstruction.  The  forcing  of  a 
large  catheter,  such  as  a  No.  7  or  even  a  No.  6,  through  a  small  meatus 
and  up  a  small  ureter  with  great  pressure  may  be  followed  by  consid- 
erable injury.  When  it  is  desired  only  to  obtain  a  specimen  from  the 
kidney,  a  No.  5  catheter  will  suffice  in  the  majority  of  instances.  It  is 
seldoiD  necessary  to  use  a  catheter  of  larger  caliber  than  No.  6  escept 
in  cases  of  ureteral  dilatation. 

Pilcher  emphatically  states  that  he  considers  pyelography  a  very 
dangerous  procedure  in  the  hands  of  any  except  the  most  expert,  and 
that  the  method  should  be  used  only  when  a  definite  diagnosis  cannot  be 
made  by  any  other  means.  In  my  opinion  this  is  a  timely  warning  and 
should  be  taken  to  heart  by  every  one  attempting  to  make  a  diagnosis  of 
conditions  in  the  urinary  tract. 

When  the  value  of  pyelography  as  an  aid  to  diagnosis  finally  became 
recognized,  it  was  employed  generally.  It  was  not  long,  however,  before 
many  cases  were  reported  in  which  renal  complications  and  even  death 
followed  its  use.  As  a  result  of  these  dangers  the  method  for  diagnosis 
was  in  a  fair  way  to  be  entirely  discarded.  An  attempt  wa^  then  made 
to  discover  some  medium  which  would  not  cause  injury  to  the  kidney. 
Of  the  mediums  proposed,  thorium  nitrate  solution  had  many  evident 
advantages  over  the  others,  and  it  was  hoped  that  a  medium  for  injec- 
tion had  been  discovered  which  would  meet  all  the  ideal  requirements. 
Having  used  thorium  extensively  since  its  introduction  almost  two 
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years  ago,  I  regret  to  state  that  while  it  has  many  practical  advantages 
over  the  other  mediums,  it  may  he  fully  as  harmful  as  colloidal-silver 
suspensions.  When  it  has  been  retained  in  the  pelvis  of  the  kidney  in 
hydronephrosis,  it  has  occasionally  been  the  cause  of  diffuse  abscesses 
throughout  the  cortex  similar  to  those  seen  with  the  use  of  colloidal- 
silver  suspension.  The  only  difference  in  the  resulting  lesion  is  that  on 
microscopic  examination  no  evidences  of  particles  of  undissolved  silver 
are  visible.  The  kidney  tissue  throughout  appears  markedly  irritated 
and  inflamed  and  the  pelvic  mucosa  shows  evidence  of  acute  pyelitis. 
The  microscopic  evidence  of  infection  and  necrosis  is  to  all  appearances 
the  result  of  irritation  and  infection  ascending  from  the  renal  pelvis  by 
way  of  the  tubules.  In  a  series  of  cases  in  which  we  endeavored  to  re- 
move the  injected  thorium  solution  from  the  pelvis  following  pyelog- 
raphy, no  necrosis  resulted.  It  is  advisable,  therefore,  following  the 
injection  of  thorium  when  hydronephro.sis  is  suspected,  to  leave  the 
ureteral  catheter  in  place  so  as  to  allow  the  fluid  to  drain  away.  This 
should  be  followed  by  repeated  lavage  with  sterile  water  until  every  trace 
of  the  medium  is  removed.  Unfortunately,  this  is  not  always  possible 
because  of  retention  in  the  ends  of  the  dilated  calyces.  Dilatation  of 
the  renal  pelvis  may  usually  be  recognized  by  other  cysloscopic  means 
than  pyelography.  Recognizing  the  possible  danger  resulting  from  re- 
tention of  injected  mediums,  we  should  endeavor  to  make  the  diagnosis 
of  hydronephrosis  without  resorting  to  pyelography,  and  its  use  should 
be  confined  to  cases  in  which  other  methods  of  diagnosis  leave  us  in 
doubt. 

Since  interference  with  the  drainage  of  medium  injected  for  pyelog- 
raphy is  the  cause  of  resulting  damage,  we  have  similar  problems  to 
meet  in  the  diagnosis  of  roentgenographic  shadows  appearing  in  the 
ureteral  area.  In  attempting  to  identify  these  shadows,  I  have  on 
several  occasions  seen  similar  evideuce  of  renal  infection  and  cortical 
abscesses  following  ureteral  pyelography,  which  could  be  relieved'  only 
by  removal  of  the  obstructing  stone,  and  in  one  case  required  neph- 
rectomy as  well.  It  ia  obvious  that  it  is  fully  as  necessary  to  remove 
the  injected  medium  completely  in  cases  of  stone  obstruction  as  in  cases 
of  hydronephrosis. 

In  the  majority  of  cases  in  which  shadow  interpretation  is  neces- 
sary, the  evidence  obtained  by  the  cystoscope,  the  ureteral  catheter,  and 
the  wax  tip  will  suffice.  When  an  impassable  obstruction  is  met  with,  a 
shadowgraph  catheter  will  usually  he  sufficient.     However,  when  there 
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is  a  suspicious  shadow  in  the  original  roentgenogram  and  the  catheter 
meets  with  little  or  no  obstruction,  pyelo-ureterography  may  be  em- 
ployed to  great  advantage,  and  is  frequently  the  only  method  by  which 
an  exact  diagnosis  can  be  made.  Such  conditions  will  permit  of  thorough 
drainage  and  evacuation  of  the  injected  medium. 

Because  of  possible  retention  of  the  injected  medium,  it  is  obvious 
that  simultaneous  bilateral  pyelography  is  never  justifiable.  Further- 
more, before  a  pyelogram  is  made,  we  should  be  reasonably  certain 
that  the  other  kidney  is  normal.  Unilateral  pyelography  with  bi- 
lateral lesions,  such  as  nephrolithiasis,  polycystic  kidney,  and  fused 
or  horseshoe  kidney,  is  attended  with  greater  danger  than  when  the 
lesions  are  unilateral  and  should  be  attempted  only  when  the  indica- 
tions are  urgent.  When  a  horseshoe  kidney  is  suspected,  the  relative 
position  of  the  kidney  and  pelvis  can  usually  he  ascertained  by  means 
of  a  shadowgraph  catheter.  If  further  complicating  pathology  is 
suspected,  pyelography  can  be  resorted  to  later  if  necessary.  Although 
it  has  been  said,  and  with  truth,  that  when  complications  follow  pyelog- 
raphy the  kidney  is  usually  otherwise  surgical,  occasionally  a  moderately 
diseased  kidney  suffers  such  injury  following  pyelography  that  nephrec- 
tomy is  necessary. 

Cystopyelography  is  also  not  without  its  dangers,  although  it  is  true 
that  none  of  the  bladder  medium  will  gravitate  to  the  kidney  unless 
there  is  free  access  through  a  dilated  ureter.  In  two  instances  in  which 
the  medium  had  entered  the  kidney  by  gravity  from  the  bladder  it 
was  subsequently  impossible  to  drain  from  the  dilated  calyces  present. 
As  a  result,  the  patients  suffered  severe  reaction,  and,  after  a  prolonged 
convalescence,  their  renal  function  was  considerably  impaired. 

The  diagnosis  of  hydronephrosis  may  be  arrived  at  usually  by  other 
means  than  pyelography:  (1)  By  the  determination  of  residual  urine  in 
the  pelvis;  (2)  by  overdistention,  and  (3)  by  withdrawal  of  retuned 
fluid  through  a  syringe.  When  the  ureteral  catheter  had  been  intro- 
duced into  the  dilated  pelvis,  the  retained  urine  will  run  out  in  a  con- 
tinuous stream  without  peristaltic  hesitation.  This  can  usually  be 
quickened  and  slowed  at  will  by  manual  pressure  over  the  kidney  area. 
Continuous  rapid  flow  from  a  ureteral  catheter  without  peristalsis  may 
occur,  however,  when  there  is  nervous  hypersecretion  in  kidneys  other- 
wise normal.  Such  hypersecretion  is  always  bilateral  and,  therefore, 
can  be  differentiated  from  the  unilateral  rapid  excretion  from  the  dilated 
renal  pelvis. 
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The  well-known  overdistention  method  of  Kelly  has  proved  inval- 
uable in  the  diagnosis  of  hydronephrosis.  Although  there  has  been  some 
dispute  as  to  the  capacity  of  the  norma!  pelvis,  it  is  now  generally  recog- 
nized that  when  any  amount  greater  than  15  c.c.  can  be  injected  without 
causing  pain,  dilatation  is  suggested.  This  does  not,  however,  neces- 
sarily signify  that  the  pelvis  itself  has  a  capacity  of  15  c.c.  The  injec- 
Uon  of  15  or  even  20  c.c.  of  fluid  before  pain  results  is  possible  with  an 
actual  pelvic  capacity  much  less,  since  part  of  the  injected  fluid  may 
return  along  the  side  of  the  catheter  to  variable  distances  down  the 
ureter.  Therefore,  the  amount  injected  in  such  a  case  represents  the 
capacity  of  the  pelvis  and  a  part  of  the  ureter  as  well.  This  may  be 
proved  by  injecting  an  opaque  fluid:  the  partial  return  flow  will  be  evi- 
dent in  the  pyelo-ureterogram. 

My  experience  with  the  last-named  test,  the  withdrawal  of  residual 
urine,  has  brought  out  several  points  of  interest.  It  is  evident  that  if 
there  are  several  ounces  of  retained  fluid  in  a  dilated  pelvis,  it  may 
usually  be  withdrawn  through  the  ureteral  catheter  by  means  of  a 
syringe.  On  several  occasions,  however,  I  have  noticed  an  interesting 
phenomenon,  i.  e.,  that  similar  suction  will  withdraw  several  ounces  of 
fluid  from  a  kidney  with  a  pelvis  of  normal  size.  This  occurs,  however, 
only  when  there  is  a  condition  of  excessive  hypersecretion.  It  is  neces- 
sary that  the  ureteral  catheter  should  fill  the  ureteral  lumen  so  that  suc- 
tion with  the  syringe  establishes  a  lower  iotra-ureteral  pressure.  It  would 
appear  that  the  process  is  one  of  glomerular  iofiltration  and  is  dependent 
on  the  difference  in  intrarenal  pressure.  A  large  amount  of  fluid  with- 
drawn from  a  hypersecreting  kidney  may  be  differentiated  from  residual 
urine  by  the  fact  that  when  a  hydronephrosis  is  present,  the  amount 
withdrawn  can  be  injected  back  into  the  kidney  pelvis  without  causing 
pain,  whereas  in  normal  hypersecreting  kidneys  if  an  ounce  of  urine  is 
withdrawn,  renal  colic  will  usually  be  caused  by  reinjecting  5  or  10  c.c. 

In  conclusion,  I  would  say  that  pyelography  should  not  be  used 
when  the  diagnosis  can  be  made  without  it.  Even  though  the  diagnosis 
remains  in  doubt,  pyelography  should  not  be  attempted  if  the  patient  is 
old  and  feeble,  or  weak  and  emaciated,  or  if  the  condition  of  the  other 
kidney  is  not  normal.  When  clinical  conditions  are  favorable,  however, 
and  a  pyelogram  is  made,  it  is  advisable  to  leave  the  catheter  in  the 
ureter  for  at  least  fifteen  minutes  so  that  it  may  drain  thoroughly.  The 
pelvis  of  the  kidney  should  then  he  irrigated  repeatedly  with  sterile 
water.     The  patient  should  be  kept  under  close  observation  and  if  there 
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is  evidence  of  marked  pelvic  retention  the  kidney  should  again  be 
catheterized  within  twenty-four  hours,  the  ureteral  catheter  allowed 
to  drain  for  several  hours,  and  the  pelvis  again  irrigated.  If  the  patient 
docs  not  recover  following  this  procedure,  a  nephrectomy  should  be 
done  without  further  delay.  By  a  careful  selection  of  cases  and  the  use 
of  alt  the  technical  precautions,  the  percentage  of  injury  will  be  reduced 
to  a  minimum.  Pyelography  is  of  too  great  value  to  be  discarded,  for 
a  number  of  conditions  cannot  be  diagnosed  without  it.  However,  it  is 
obvious  that  the  method  should  not  be  employed  by  one  who  has  not 
had  considerable  cystoscopic  experience  and  who  has  not  the  facilities 
to  observe  the  patient  carefully  during  and  after  examination. 

REFERENCE 
Hlcher,  P.  M.;  Practical  cystoscopy,  PMladelphia,  Saunders.  1911,  p.  137. 
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When  the  method  of  removing  bladder  tumors  through  the  cysto- 
scope  by  means  of  a  high-frequency  current  was  first  introduced  by  Beer, 
it  was  beHeved  that  a  method  had  been  discovered  whereby  all  such 
tumors  could  be  effectively  cured.  It  gradually  became  apparent,  how- 
ever, that  certain  types  of  bladder  tumor  could  be  readily  removed  by 
this  method,  while  others  were  affected  but  little  by  it.  It  is  now  recog- 
nized that  fulguration  is  applicable  only  to  tumors  of  the  papillomatous 
type. 

The  exact  patholo^c  status  of  a  papillomatous  tumor  of  the  bladder 
may  be  difficult  to  establish  definitely.  AH  papillomas  are  potentially 
malignant.  Clinically,  however,  the  grade  of  malignancy  varies  widely. 
It  is  generally  recognized  that  such  growths  as  are  characterized  by  a 
uniform  arrangement  of  cells  and  staining  qualities,  and  are  well  confined 
within  the  basement  membrane,  are  of  relatively  benign  type.  Never- 
theless such  tumors,  when  removed,  frequently  recur  and  may  later 
change  to  a  more  malignant  form.  It  has  also  been  estabhshed  that 
papillomatous  tumors  with  an  irregular  arrangement  of  cells  and  stain- 
ing qualities,  and  such  as  infiltrate  the  tissues  beyond  the  basement- 
membrane,  are  distinctly  malignant  in  type,  and  when  removed,  have  a 
tendency  to  rapidly  recur  and  metastasize.  Between  these  two  ex- 
tremes of  papillomatous  tumors,  various  grades  of  irregularity  in  forma- 
tion and  staining  qualities  of  cells  may  be  observed,  and  it  may  be  difiS- 
cult,  from  the  pathologic  picture,  to  determine  the  future  clinical  course. 
It  is,  however,  often  difficult  to  ascertain  the  exact  microscopic  character 
of  a  papillomatous  tumor  from  specimens  removed  through  the  cysto- 
scfope,  since  the  outline,  staining  qualities,  and  arrangement  of  cells  may 
vary  in  different  portions  of  the  tumor. 


ey  Google 


TUMORS  OF  THE  BI^DDER  153 

As  a  rule,  a  satisfactory  diagnosis  of  the  nature  of  a  papillomatous 
tumor  can  be  made  by  its  gross  appearance  as  seen  through  the  cysto- 
scope,  together  with  clinical  data.  The  cystoscopic  data  which  differ- 
entiate the  malignant  from  the  relatively  benign  papillomatous  tumor 
ate: 

1.  A  tendency  to  necrosis*  and  incrustation  of  the  superficial  por- 
tions, giving  it  a  dirty  gray  appearance. 

2.  A  heavy,  meaty  appearance,  with  a  thick  pedicle,  in  contrast  to 
the  frail  structure  of  a  benign  papilloma. 

S.  The  frequent  presence  of  an  intractable  and  very  irritating 
cystitis. 

Valuable  data  may  be  obtained  by  simple  rectal  and  vaginal  palpa- 
tion, which  should  be  done  in  every  case  of  suspected  tumor  of  the  blad- 
der. A  malignant  tumor  involving  the  base  of  the  bUdder  will  fre- 
quently cause  palpable  thickening  of  the  bladder-wall.  When  the  proc- 
ess has  progressed  so  as  to  cause  a  firm,  nodular  change  in  the  adherent 
tissues,  any  operative  procedure  is  useless.  It  is  obvious  that  no  benign 
tumor  could  cause  such  infiltration,  and  when  the  latter  is  present,  ful- 
guration  would  be  futile. 

It  has  been  found  that  papillomatous  tumors,  regarded  as  relatively 
benign  on  microscopic  examination,  are  readily  removed  by  fulguration 
through  the  cystoscope,  while  tumors  regarded  as  frankly  malignant,  on 
microscopic  examination  will  not  react  to  fulguration.  Such  tumors  as 
fall  in  between  these  two  groups  may  or  may  not  react  to  fulguration. 
In  the  group  of  papillomatous  tumors,  when  any  doubt  may  exist  as  to 
their  malignancy,  the  best  method  to  ascertain  the  degree  of  malignancy 
is  through  their  reaction  to  fulguration.  If  a  tumor  does  not  respond  to 
three  or  four  such  treatments,  it  may  readily  be  concluded  that  it  is  of 
the  malignant  type  and  that  a  suprapubic  resection  should  be  done 
without  del^. 

Several  patienta  have  come  under  our  observation  in  the  past  few 
years  who  had  previously  been  subjected  to  repeated  fulgurations — in 
the  case  of  one  as  high  as  20 — ^without  affecting  the  bladder  tumor. 
This  is  particularly  unfortunate,  since  a  tumor  originally  amenable  to 
operation  may  become  inoperable  after  the  long  delay  and  ineffectual 
treatment. 

Now  that  the  type  of  tumor  which  may  be  destroyed  by  fulguration 
has  been  definitely  established,  the  question  arises:  How  permanent  are 
'Albamn,  J.:   Lea  tumeur*  de  la  veiaie.    Paris,  Steinheil,  ISK,  494  p. 
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the  results  of  the  removal  of  tumors  by  means  of  this  method?  On  re- 
viewing our  records  we  find  that  there  were  80  cases  of  bladder  tumor 
fulgurated  at  the  Mayo  Clinic  between  January  1,  1911,  and  September 
1,  1917.  Of  this  number  50  were  relatively  benign  papilloma,  9  were 
papilloma  of  questionable  malignancy,  13  were  carcinoma,  1  was  an- 
gioma, and  7  were  questionable  papilloma.  The  Oudin  current  was  em- 
ployed in  the  earlier  cases,  but  more  recently  the  d'Arsonval  current  has 
been  used  because  of  its  more  rapid  results. 

Of  the  50  patients  with  benign  tumor  treated,  33  have  been  reexam- 
ined. No  evidence  of  recurrence  was  noted  in  24  patients,  who  were 
examined  three  or  more  months  following  fulguration,  while  9  had  re- 
currences. Of  the  24  patients  having  no  recurrence,  the  period  following 
the  initial  treatment  was  as  follows:  2  six  years,  2  four  years,  1  two  and 
one-half  years,  2  two  years,  2  one  and  one-half  years,  3  one  year,  and  12 
less  than  one  year.  This  leaves  24  of  33  patients  (7S  per  cent)  with 
benign  papilloma  who  have  been  reexamined,  without  any  evidence  of 
recurreace.  It  is  probable  that  this  percentage  will  be  reduced  by  subse- 
quent recurrence  among  the  patients  treated  within  the  last  year  or  two. 
Of  the  9  patients  with  recurrence  there  were  4  who  had  a  recurrence  of 
the  tumor  following  the  first  fulguration,  but  who,  on  recent  examination, 
were  found  well  over  periods  of  from  one  to  four  years.  In  the  5  pa- 
tients showing  a  recurrence  at  the  time  of  the  last  examination  the  inter- 
val following  fulguration  was  as  follows:  2  four  months,  1  six  months,  I 
six  months  and  subsequently  eight  months,  and  1  has  had  three  yearly 
recurrences. 

The  site  of  recurrence  was  found  at  the  original  site  of  the  primary 
tumor  in  6  cases  and  at  different  sites  in  S.  The  exact  time  of  recurrence 
was  difficult  to  ascertain  because  of  the  irregularity  of  examination  fol- 
lowing fulguration.  However,  of  the  9  patients  with  recurrence  it  was 
noted  in  8  in  less  than  six  months.  In  the  one  patient  in  whom  the  re- 
currence was  repeated  it  was  observed  one  and  one-half  years  following 
fulguration.  No  recurrences  were  noted  in  cases  in  which  the  primary 
tumor  was  removed  by  one  or  two  fulgurations.  This  is  corroboratory 
of  a  previous  observation  that  the  degree  of  malignancy  is  in  direct  pro- 
portion to  the  number  of  fulgurations  necessary  to  its  removal.  Keyes 
claims  that  recurrence  will  usually  take  place  within  three  months.  Of 
the  3  patients  with  primary  multiple  tumors  reexamined,  2  had  multiple 
recurrences,  which  would  corroborate  Keyes'  statement  that  recurrences 
following  the  fulguration  of  multiple  tumors  are  multiple.     Multiple  re- 
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cuirence  was  also  noted  in  one  patient  with  primary  single  tumor.  A 
second  recurrence  was  observed  in  but  two  patients,  and  the  primary 
tumor  was  multiple  in  both.  Repeated  reciurences  usually  occur  with 
multiple  primary  tumors. 

Of  the  remaining  17  patients  who  were  not  reexamined,  5  were  re- 
ported as  symptomatically  well  and  no  subsequent  data  were  available 
from  19.  Of  the  patients  reported  well,  the  period  following  the  last 
treatment  was  as  follows:  1  six  and  one-half  years,  1  six  years,  I  five 
years,  I  two  and  one-half  years,  1  two  years.  Of  the  12  patienU  without 
subsequent  report,  8  were  fulgurated  within  the  past  year.  While  it  is 
difficult  to  draw  exact  conclusions  as  to  recurrences  from  this  group  with- 
out having  made  a  cystoscopic  reexamination,  nevertheless  it  is  signifi- 
cant that  5  patients  are  reported  alive  and  well  from  two  to  six  years 
after  fulguration.  It  is  also  of  interest  that  there  remain  but  4  patients 
who  have  not  been  heard  from.  It  is  fair  to  assume  that  the  majority  of 
these  are  still  living. 

Of  the  9  patients  with  papilloma  of  doubtful  malignancy,  4  were  ful- 
gurated without  success  and,  later,  resection  was  done.  Of  the  remain- 
ing 5,  1  was  well  two  years  and  1  six  months  afterward,  1  had  multiple 
recurrences  annually,  1  showed  extensive  recurrence  five  months  later, 
and  1  was  treated  three  months  previously.  An  interesting  occurrence 
was  that  of  two  tumors  in  the  same  bladder;  one  was  relatively  benign  ' 
and  was  readily  removed  by  fulguration;  the  other  was  not  affected  by 
fulguration,  and  on  resection  later  was  found  to  be  malignant.  It  is 
evident  that  although  a  few  cases  of  malignant  papilloma  will  respond  to 
fulguration,  the  majority  will  not. 

Of  the  13  patients  with  carcinoma,  in  9  the  treatment  was  given  for 
recurrences  following  suprapubic  resection  for  carcinoma.  In  4  patients 
the  tumors  were  of  a  doubtful  nature  on  clinical  examination,  but  did 
not  respond  readily  to  fulguration,  and  were  operated  on  later.  Of  the 
9  patients  that  were  fulgurated  following  operation,  1  was  fulgurated 
after  fifteen  months,  and  has  been  well  for  two  years,  1  was  fulgurated 
after  two  years,  and  has  been  well  four  years,  1  was  fulgurated  after 
eighteen  months,  and  in  a  letter  from  the  patient  three  years  later  he 
states  that  he  is  well,  I  was  fulgurated  after  three  years  and  has  not  been 
seen  for  three  months,  1  has  been  fulgurated  yearly  for  the  past  three 
years  for  recurrences,  and  was  last  examined  five  months  ago,  and  1  was 
fulgurated  three  months  after  operation  and  has  not  been  examined  for 
three  months.     Three  of  the  patients  have  died  from  one  to  two  years 


ey  Google 


156  W.    F.    BRAASCH 

after  operation.  It  will  be  noted  that  the  period  of  freedom  from  re- 
ciuTence  was  much  longer  after  fulguration  than  after  operation.  The 
time  of  recurrence  following  fulguration  was  more  than  a  year  in  all  but 
two  patients,  and  much  longer  than  that  observed  with  relatively  benign 
papilloma.  Tumors  which  have  been  frankly  malignant  at  operation 
will  frequently  respond  to  fulguration  when  they  recur.  The  degree  of 
malignancy  is  evidently  reduced  with  successive  recurrences,  and  even 
though  the  patient  may  not  be  cured,  life  is  unquestionably  prolonged. 

In  the  9  cases  of  recurrence  in  this  group,  5  were  at  the  previous  site 
of  the  tumor  and  4  were  at  different  sites.  In  3  cases  the  recurrence  was 
multiple  and  in  3  single.  Cystoscopic  examination  several  months  after 
resection  for  a  malignant  tumor  will  occasionally  reveal  evident  prolifera- 
tion of  the  mucosa  at  the  site  of  the  previous  incision.  There  may  be  no 
evidence  of  other  involvement  of  the  external  wound,  but  this  prolifera- 
tion may  persist  and  remain  stationary  for  many  mouths.  It  is  advis- 
able, however,  to  give  it  a  thorough  course  of  fulguration  and  radium 
exposure. 

In  the  7  cases  of  questionable  papilloma  the  time  since  the  last  ful- 
guration is  as  follows :  1  six  years,  1  five  years,  1  four  years,  I  three  years, 
i  one  and  one-half  years,  and  1  less  than  a  year.  None  of  these  patients 
have  been  reiixamined,  but  .letters  received  from  them  indicate  that  there 
is  no  recurrence. 

Papillomatous  proliferation  of  the  mucosa  to  a  slight  degree,  the 
exact  nature  of  which  it  is  difficult  to  determine,  is  sometimes  visible  in 
the  bladder.  Such  tumors  are  found  more  often  near  the  ureteral  mea- 
tuses or  the  internal  vesical  sphincter,  and  although  they  are  probably 
the  result  of  a  slight  chronic  inflammatory  reaction  of  the  mucosa,  no 
other  evidence  of  inflammation  may  be  visible.  They  may  disappear 
spontaneously,  but  they  will  occasionally  remain  stationary  in  size  for  a 
period  of  several  years.  It  is  quite  possible  that  some  of  these  are  the 
forerunners  of  papillomas  or  malignant  tumors,  which  is  further  sug- 
gested by  the  frequency  with  which  malignant  tumors  are  found  near  the 
ureteral  meatuses.  Such  tumors,  when  discovered,  should  be  removed 
at  once  by  fulguration. 

Severe  chronic  inflammation  will  occasionally  cause  such  extensive 
proliferation  of  the  mucosa  that  it  may  simulate  a  true  bladder  tumor. 
This  is  particularly  true  with  vesical  tuberculosis.  Microscopic  exami- 
nation of  the  tissue  in  question  or  catheterization  of  the  kidneys  would 
usually  identify  the  lesion.     The  specimen  obtained,  however,  may  be 
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unsatisfactory,  and  renal  catheterization  may  be  impossible,  thus  mak- 
ing identification  of  the  tumor  exceedingly  difiScult. 

The  number  of  treatments  necessary  to  remove  tumors  is  not  always 
in  ratio  to  their  size.  Occasionally  tumors  of  considerable  size  are  re- 
moved in  one  f  tilguration,  whereas  much  smaller  ones  may  require  several 
treatments.  It  would  seem  that  the  rapidity  with  which  the  tumors  dis- 
appear is  in  a  measure  in  proportion  to  the  degree  of  maUgnancy.  The 
treatment  of  large  tumors  may  be  hastened  by  the  preliminary  removal 
of  much  of  the  tissue  by  means  of  a  snare,  as  suggested  by  Buerger. 

Following  the  removal  of  a  papiUoma  by  fulguration  there  will  usually 
be  conaiderable  inflammatory  reaction  in  the  mucosa,  and  consequent 
edema  and  granulation  tissue  may  simulate  a  persistent  remnant  of  the 
papilloma.  This,  however,  will  gradually  disappear  spontaneously  in 
the  course  of  three  or  four  weeks.  Occasionally  the  bladder  mucosa  at 
the  site  of  the  suprapubic  incision  remains  congested  and  irregularly  in- 
filtrated for  a  long  time  following  fulguration,  and  such  congestion, 
when  persistent,  is  frequently  indicative  of  underlying  malignancy. 
Thorough  fulguration  of  the  area  should  be  tried,  and  if  the  congestion 
still  remains,  radium  should  be  used. 

Radium. — Since  radium  has  been  used  with  such  good  results  in  treat- 
ing superficial  malignant  conditions,  such  as  in  the  skin,  larynx,  etc.,  it 
would  be  reasonable  to  expect  similar  results  in  the  bladder.  Thus  far, 
however,  the  experiences  reported  have  not  been  encouraging.  Geraghty 
believes  that  it  is  of  httle  or  no  value  in  the  treatment  of  frankly  malig- 
nant tumors  of  the  bladder.  His  method  of  application  consisted  of 
hourly  exposures  with  100  mg.  of  radium,  screened  by  a  brass  capsule 
S  mm.  in  thickness,  which  is  applied  directly  over  the  tumor  by  rigid  in- 
struments within  the  bladder.  He  reports  a  series  of  papillomatous 
tiunors,  however,  that  did  not  respond  to  fulguration  until  they  had  been 
exposed  to  radium.  After  this  they  were  readily  removed  by  fulgura- 
tion. Berringer,  on  the  other  hand,  reported  evident  cures  with  radium 
alone  in  3  of  9  cases  of  inoperable  malignant  tumors.  His  technic  differs 
from  that  of  Geraghty  in  that  the  unshielded  original  lead  capsule  of 
radium  is  inserted  in  the  bladder  and  the  patient  placed  in  a  position  to 
bring  the  capsule  in  contact  with  the  tumor.  It  is  further  allowed  to 
remain  in  the  bladder  for  a  much  longer  time,  namely,  five  or  six  hours. 
Kolischer*  reported  successful  removal  of  several  malignant  tumors  with 
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the  use  of  mesothorium.  He  employs  this  intravesically,  leaving  the 
capsule  in  the  bladder  as  long  as  twenty-four  hours. 

Our  experience  with  radium  has  been  largely  as  an  aid  to  post-opera- 
tive and  preoperative  treatment.  Following  resection  of  malignant 
tumors,  it  has  been  our  custom  to  leave  the  unshielded  radium  capsule  in 
the  bladder  for  several  hours  in  the  hope  of  destroying  any  superficial 
malignant  cells  remaining.  In  preoperative  and  inoperable  conditions 
it  has  been  found  valuable  in  reducing  infection  and  cleaning  up  foul- 
smelling  urine.  In  cases  of  persistent  bleeding  from  the  tumor  a  few 
hours  of  exposure  to  radium  will  often  control  it.  This,  together  with 
deep  x-ray  exposure,  is  occasionally  of  value  in  controlling  pain,  some- 
times found  in  inoperable  cases.  In  i  cases  in  which  there  was  second- 
ary recurrence  of  papillary  carcinoma  the  tumor  disappeared  following 
long  intravesical  application  of  100  mg.  of  radium.  In  3  cases  of 
secondary  recurrence  of  the  tumor  in  the  suprapubic  wound  following 
resection,  the  nodules  were  softened  and  to  all  appearances  the  process 
was  temporarily  controlled.  It  may  be  said,  therefore,  that  although 
radium  does  not  have  the  brilliant  therapeutic  results  of  fulguration  in 
the  treatment  of  bladder  tumors,  it  is  nevertheless  a  valuable  adjunct 
when  the  condition  is  malignant. 

In  summarizing  our  experiences  with  the  non-operative  treatment  of 
tumors  of  the  bladder  it  may  be  said: 

1.  Fulguration  offers  a  safe  and  comparatively  easy  method  of  re- 
moving bladder  papillomas. 

2.  Fulguration  is  applicable  only  to  the  papillomatous  tumors  of  a 
relatively  benign  type. 

3.  Although  the  ultimate  results  following  fulguration  are  much 
superior  to  those  following  suprapubic  resection,  the  method  does  not 
always  offer  a  permanent  cure. 

4.  The  degree  of  malignancy  is  usually  readily  ascertained  by  the 
cystoscopic  appearance  and  clinical  data. 

5.  In  doubtful  cases  the  degree  of  malignancy  is  best  ascertained  by 
its  reaction  to  fulguration. 

6.  The  percentage  of  recurrence  of  papillomas  in  a  series  of  33  cases 
repeatedly  reexamined  was  27. 

7.  Recurrence  when  present  usually  occurs  within  six  months  after 
fulguration  and  is  generally  at  the  site  of  the  primary  tumor. 

8.  Multiple  recurrence  is  more  often  observed  with  multiple  primary 
tumors. 
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9.  Tumors  which  have  been  frankly  malignant  at  operation  will 
frequently  respond  to  fulguration  when  they  recur. 

10.  The  degree  of  malignancy  is  evidently  reduced  by  successive 
recurrences. 

11.  Small  papillomas  usually  situated  near  ureteral  meatuses  are 
occasionally  accidentally  discovered.  While  some  are  inflammatory, 
others  are  forerunners  of  large  papillomas  and  should  be  fulgurated. 

IS.  Radium  is  of  value — (1)  As  a  prophylactic  measure  following 
surgical  resection  of  bladder  tumors;  (2)  to  control  hematuria  and  pain; 
(3)  occasionally  in  removal  of  malignant  tumors,  particularly  when  re- 
curring. 


ey  Google 


LITHIASIS  WITH   BILATERAL  RENAL  INVOLVE- 
MENT* 


W.  F.  BRAASCH 


When  lithiasis  is  found  to  exist  with  bilateral  renat  invoK'ement. 
certain  problems  of  diagnosis,  prognosis,  and  treatment  arise  which 
merit  special  consideration.  The  various  conditions  in  which  such  in- 
volvement is  present  may  be  as  follows: 

1.  Bilateral  nephrolithiasis,  including  stone  in  the  ureter  on  one  or 
both  sides. 

8.  Lithiasis  in  one  kidney  and  disease  in  the  other. 

3.  Lithiasis  in  a  solitary  kidney. 

4.  Lithiasis  in  a  fused  kidney. 

Bilateral  Nephrolithiasis 

On  reviewing  the  records  of  the  Mayo  Clinic  from  January  1, 1910.  to 
October  I,  1917,  it  was  found  that  6S  patients  had  been  operated  on  for 
bilateral  nephrolithiasis.  During  the  same  time  504  patients  vHh  uni- 
Uteral  lithiasis  were  operated  on,  making  a  percentage  of  12:3  of  bi- 
lateral lithiasis  occurring  in  the  operative  cases.  It  is,  howe^'e^,  diffi- 
cult to  determine  the  exact  proportion  in  which  bilateral  nephrolithiasis 
occurs,  because  of  the  many  associated  factors.  It  would  be  necessaij' 
to  include:  (1)  Alt  cases  of  bilateral  nephrolithiasis  and  uretero-lithiasis 
which  for  various  reasons  were  not  operated  on;  (2)  cases  of  ureteral 
stones  on  the  opfKJsite  side  previously  removed  by  operation  and  cysto- 
scopic  manipulation,  since  they  are  in  fact  dislodged  renal  stones,  and 
(3)  all  stones  passed  spontaneously  from  one  or  both  kidneys  and 
ureters. 

General  statistics. — In  the  series  of  62  patients  operated  on  there  were 
40  males  and  S2  females,  which  is  in  keeping  with  the  relative  occurrence 
of  sex,  as  noted  in  cases  of  unilateral  lithiasis.     It  is  of  interest  that 
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Uthiasis  sbould  occur  practically  twice  as  often  in  the  male  as  in  the 
female.  This  relative  proportion  also  holds  good  in  other  forms  of 
chronic  renal  infection,  and  is  suggestive  of  the  infectious  etiology  of  the 
condition.  The  average  age  of  the  patients  was  forty  years,  and  the 
average  duration  of  symptoms  was  nine  years.  It  is  unfortunate  that 
the  symptoms  associated  with  lithiasis  should  be  allowed  to  remain 
without  treatment  during  so  long  a  period.  Their  long  duration  is  in 
a  lai^  measure  responsible  for  the  comparatively  poor  prognosis  and 
the  various  complications  so  frequently  seen  with  bilateral  lithiasis. 

Localization  of  pain. — ^The  pain  was  localized  definitely  to  both  sides 
in  only  14  cases,  to  one  side  in  26  cases,  and  in  14  cases  to  one  side  re- 
cently, with  a  previous  history  of  more  or  less  definite  pain  on  the  other 
side.  Renal  pain  was  absent  in  8  cases.  The  large  number  in  which 
the  pain  was  entirely  or  predominating  on  one  side  (64.51  per  cent) 
should  emphasize  the  necessity  of  making  a  complete  roentgenographic 
exposure  of  the  kidneys  and  ureters  on  both  sides  in  every  case.  In 
cases  in  which  the  pain  was  absent,  attention  was  called  to  the  possi- 
bility of  nephrolithiasb  by  the  presence  of  microscopic  pus  in  the  urine. 
In  the  majority  of  instances  the  kidney  causing  the  most  pain,  particu- 
larly in  recent  years,  wa^  found  at  operation  to  be  the  better  of  the  two. 
The  kidney  which  in  former  years  had  caused  most  of  the  pain,  with 
little  or  no  pain  recently,  was.  in  the  majority  of  instances,  largely 
destroyed,  and  a  nephrectomy  was  necessary. 

Location  of  stones.- — The  location  of  the  stones  in  cases  in  which  both 
sides  were  operated  on,  was,  pelvis  and  calyces,  bilateral,  10;  pelvis  and 
calyces  on  one  side  and  cortex  on  the  other,  7;  pelvis  and  calyces  on  one 
side  (nephrectomy  on  the  other),  7;  cortex  on  one  side  (nephrectomy 
on  the  other),  9.  When  one  side  only  was  operated  on  the  stones  were 
found  located  as  follows:  pelvis  and  calyces,  14;  cortex,  6.  There 
were  7  nephrectomies  and  2  negative  explorations.  No  attempt  was 
made  to  localize  the  stones  in  the  cases  of  pyonephrosis  with  stones, 
fflnce  the  destruction  of  the  kidney-tissue  was  so  great  that  it  was  im- 
possible to  determine  their  exact  situation.  It  is  evident  that  in  cases 
of  bilateral  nephrolithiasis  the  majority  of  stones  are  situated  in  the 
pelvis  and  calyces,  as  in  cases  of  unilateral  stones.  Literature  on  the 
subject  would  lead  us  to  believe  that  stones  are  most  commonly  situ- 
ated in  the  cortex  in  cases  of  bilateral  lithiasis.  Many  cortical  stones 
described  as  such  in  the  operation  records  were  probably  situated  origin- 
ally at  the  end  of  the  calyces. 
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EaHmation  of  renal  function. — Estimation  of  the  combined  renal 
function  may,  in  a  few  cases,  be  of  considerable  aid  to  prognosis.  Phenol- 
sulplioiiepbthalein  is,  for  all  practical  purposes,  as  valuable  as  any 
functional  test.  When  the  return  in  two  hours  is  only  a  trace  or  per- 
sistently very  low,  the  prognosis  is  necessarily  grave,  and  operation  is 
usually  not  advisable  unless  there  are  urgent  indications.  We  have, 
however,  observed  two  patients  in  whom  there  was  a  persistent  low 
phenolsulphonephthalein  output,  5  and  8  per  cent  respectively,  several 
years  after  operation.  When  the  phenolsulphonephthalein  return  is 
moderately  low,  varying  from  80  per  cent  to  40  per  cent,  I  have  fre- 
quently observed  that  it  will  later  become  much  higher  following  opera- 
tion. This  is  particularly  true  in  the  presence  of  marked  infection  re- 
lieved by  drainage  subsequent  to  lithotomy,  and  it  may  be  inferred 
that  toxic  absorption  as  well  as  reflex  irritation  may  be  the  cause  of 
temporarily  reducing  the  renal  activity.  A  high  return — 50  per  cent  or 
more — is  of  value  when  clinical  symptoms,  or  the  general  appearance  of 
the  patient,  is  suggestive  of  renal  insufficiency.  Particularly  is  this  true 
in  the  presence  of  marked  renal  infection  with  toxic  absorption,  which 
frequently  causes  symptoms  simulating  advanced  renal  insufficiency.  A 
high  phenolsulphonephthalein  return  would  assure  the  existence  of  one 
good  kidney  at  least.  The  combined  functional  test,  therefore,  is  of 
practical  value  only  with  a  normal  or  extremely  low  return  where  the 
clinical  appearance  is  doubtful. 

It  may  be  desirable  to  determine  the  comparative  degree  of  function 
remaining  in  the  two  kidneys.  This  is  not  always  possible,  but  fre- 
quently may  be  done — (1)  by  the  size  and  character  of  the  stone;  (2) 
by  cystoscopic  inspection;  and  (3)  by  a  differential  functional  test. 

Radiographic  data. — Very  large  stones,  and  more  particularly  large 
branched  stones,  will,  as  a  rule,  cause  so  much  tissue-destruction  that 
nephrectomy  will  be  necessary.  Occasionally,  however,  the  amount  of 
secreting  tissue  remaining  is  surprising  in  spite  of  the  existence  of  large 
branched  stones.  The  difficulties  in  removing  such  stones  entirely, 
particularly  when  soft  and  crumbling,  without  too  much  damage  to 
the  kidney-tissue,  are  considerable.  Single  round  stones,  even  though 
of  large  size,  may  cause  comparatively  Uttle  damage  to  the  kidney- 
substance,  and  usually  offer  a  better  prognosis.  Multiple  stones,  par- 
ticularly when  of  large  size  and  scattered  throughout  the  kidney,  usually 
indicate  complete  destruction  of  the  kidney. 

Cystoicojnc  inspection. — Such  inspection  may  be  sufficient  to  de- 
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termiae  the  comparative  functional  ability.  If  thick  pus  is  seen  exuding 
occasionally,  or  only  on  pressure,  the  destruction  of  the  kidney  may  be 
taken  as  very  evident,  and  ureteral  catheterization  will  be  unnecessary. 
When,  however,  the  urine  on  one  or  both  sides  is  clear  or  only  moderately 
cloudy,  a  diSerential  fuactional  test  may  be  of  some  value.  As  I  have 
pre^Hously  stated,  pyelography  may  give  more  accurate  data  as  to  the 
extent  of  renal  destruction  than  any  other  method.  When  the  pelvis 
and  calyces  are  seen  to  be  markedly  dilated  and  irregular,  it  may  be 
inferred  that  comparatively  little  healthy  tissue  remains.  Pyelography 
should,  however,  be  employed  only  when  other  methods  fail,  and  then 
only  when  a  comparative  estimate  of  renal  function  is  of  practical  value. 
Differential  functional  teal. — The  irritation  caused  by  stone  in  the 
kidoey  will  usually  interfere  greatly  with  the  accuracy  of  the  estimate 
of  renal  function.  It  is  difficult  to  explain  the  variable  degree  of  reflex 
inhibition  of  secretion  exerted  by  renal  stone.  One  kidney  containing  a 
stone  may  have  a  phenolsulphonephthalein  return  of  but  4  or  5  per  cent 
in  fifteen  minutes,  while  another,  with  a  stone  similar  in  size  and  position 
and  with  the  same  degree  of  infection,  may  have  a  normal  return.  As 
a  rule,  small  stones  of  recent  origin  and  without  marked  infection  will 
cause  comparatively  little  functional  disturbance.  Low  functional  re- 
turn in  the  presence  of  stone  is  usually  succeeded  by  a  normal  phenol- 
sulphonephthaiein  output  after  the  stone  has  been  removed.  Henal 
functional  tests  can  only  give  us  an  estimate  of  the  functional  activity 
of  the  kidney  at  the  time  of  the  examination,  and  not  what  the  kid- 
oey  is  capable  of  doing  under  normal  conditions.  Too  much  reliance 
cannot,  therefore,  be  placed  on  the  amount  of  normal  tissue  in  the 
kidney,  as  shown  by  the  phenolsulphonephthalein  test.  This  was  well 
illustrated  in  one  of  our  recent  cases  with  stone  in  the  left  renal  pelvis, 
in  which  the  differential  phenolsulphonephthalein  estimate  from  the 
left  kidney  was  7  per  cent  in  fifteen  minutes.  From  this  it  might 
be  inferred  that  considerable  healthy  tissue  remained  and  a  conser- 
vative operation  would  be  indicated.  At  operation,  however,  a  large 
abscess  was  found  in  one  pole,  together  with  several  soft  areas  in 
other  portions,  so  that  a  nephrectomy  was  clearly  necessary.  In  several 
other  instances  in  which  branched  stones  were  present  the  phenol- 
sulphonephthalein return  was  surprisingly  good,  and  on  surgical  ex- 
ploration the  kidney  was  found  to  be  so  markedly  diseased  in  areas  that 
a  nephrectomy  was  obviously  indicated.  On  the  other  hand,  if  the 
phenolsulphonephthalein  return  is  zero  or  only  a  trace,  it  may  usually 
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be  inferred  that  the  kidney  is  so  largely  destroyed  that  a  nephrectomy 
is  indicated.  If.  however,  the  phenolsulphonephthalein  test  is  only 
comparatively  low,  the  functional  test  is  of  uncertain  value,  and  unless 
the  other  data  obtained  by  physical,  cystoscopic,  or  roentgenoscopic  ex- 
amination are  of  definite  value,  surgical  exploration  only  will  determine 
whether  or  not  the  kidney  can  be  saved. 

Indications  for  operation. — After  it  has  been  decided  that  an  operation 
is  advisable,  the  question  arises:  Which  of  the  two  kidneys  should  be 
operated  on  first?     Rules  as  follows  may  be  made: 

1.  In  the  presence  of  recent  acute  pain,  repeated  and  continuous 
hemorrhage  or  toxic  absorption  from  advanced  renal  infection  referred 
to  one  kidney,  that  kidney  must  necessarily  be  operated  on  first. 

2.  If  conditions  do  not  necessitate  this  operation,  the  kidney  with 
the  better  function  should  be  operated  on  first,  in  order  to  take  advantage 
of  the  function  remaining  in  the  kidney  on  the  other  side  during  the  acute 
stages  following  operation.  This  is  particularly  imperative  when  the 
stone  is  so  situated  that  the  drainage  from  the  kidney  with  the  better 
function  may  be  obstructed.  When  the  irritation,  infection,  and  danger 
of  obstruction  have  been  removed  by  the  lithotomy,  the  other  kidney 
may  be  operated  on  and  removed  if  it  seems  advisable. 

S.  In  cases  in  which  the  patient  is  in  excellent  physical  condition, 
and  the  stones  are  of  moderate  size  and  advantageously  situated,  the 
renal  function  only  slightly  reduced,  and  but  little  or  no  infection  pres- 
ent, both  stones  may  be  removed  at  the  same  time. 

Patients  not  operated  on. — There  were  33  cases  in  which  a  very  evi- 
dent diagnosis  of  bilateral  nephrolithiasis  was  made,  and  the  patients 
were  not  operated  on.  No  operation  was  advised,  for  various  reasons, 
in  21  cases,  and  in  9  operation  was  advised,  but  the  patients  did  not 
return.  Two  patients  were  operated  on  for  coincident  malignancy  in 
other  parts  of  the  body,  and  in  one  case  the  patient  is  awaiting  operation. 

Of  the  patients  regarded  as  inoperable,  the  predominating  symptoms 
in  9  were  those  of  renal  insufficiency.  The  history  of  pain  was  either 
entirely  absent  or  of  secondary  importance.  Our  attention  was  called 
to  the  possibility  of  renal  lithiasb  by  the  presence  of  pus  in  the  urine. 
It  was  found  necessary  to  make  a  roentgenogram  in  every  case  in  which 
there  was  pus  in  the  urine,  even  if  there  had  been  no  history  of  pain. 
While  this  necessitated  a  large  number  of  negative  x-ray  exposures, 
nevertheless  the  frequency  with  which  lithiasis  was  thus  discovered  made 
the  procedure  worth  while.     The  renal  insufficiency  is  usually  the  result 
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of  long-standing  infection.  Of  particular  interest  is  the  fact  that 
five  patients  in  this  group  complained  primarily  of  gastric  symp- 
toms which  were  frequently  the  only  subjective  evidence  of  renal  in- 
suffidency  to  be  noted.  The  chnical  data  of  renal  insuflSciency  differ 
from  those  usually  observed  with  the  ordinary  type  of  nephritis  in  that 
there  is  no  increase  in  blood-pressure,  and  little  or  no  evidence  of  other 
circulatory  disturbance.  In  practically  every  case  the  phenolsulphone- 
phthalein  output  was  markedly  reduced,  and  in  four  instances  the 
estimate  was  either  zero  or  a  faint  trace.  The  stone  was  exceptionally 
large  in  the  majority  of  instances,  which  explains  the  absence  of  acute 
pain,  since  large  stones  seldom  obstruct  urinary  drainage. 

In  five  other  patients,  although  there  was  more  or  less  clinical  evi- 
dence of  disturbance  of  renal  function,  the  predominating  symptom  was 
that  caused  by  marked  secondary  infection.  Purulent  urine  was  secreted 
by  both  kidneys,  and  the  symptoms  were  marked  by  frequent  attacks  of 
chills  and  fever.  In  three  of  these  cases  there  were  multiple  stones  of 
variable  size,  and  it  was  evident  that  their  removal  would  be  followed  by 
considerable  destruction  of  the  kidney-tissue.  It  is  this  form  of  bilateral 
nephrolithiasis  which  offers  the  poorest  prognosis  following  operation. 
One  of  the  patients  with  multiple  large  stones  was  allowed  to  return 
home,  and  three  years  later  was  reported  to  be  in  fair  health.  Had  she 
been  operated  on  and  the  stone  removed,  it  is  a  question  whether  she 
would  have  lived  as  long.  In  the  other  two  patients  the  stones  were 
small  and  evidently  secondary  to  well-advanced  pyelonephritis,  the 
symptoms  being  due  to  renal  insufficiency  as  well  as  to  infection  in  one; 
the  other  was  markedly  benefited  by  pelvic  lavage,  but  because  of  the 
absence  of  acute  symptoms  operation  has  been  deferred. 

Two  patients  had  bilateral  hydronephrosis  complicated  with  stones; 
a  point  of  unusual  interest  is  that  the  stones  were  very  evidently  of 
secondary  formation  in  a  primary  hydronephrosis.  The  stones  were 
small  and  round  and  could  scarcely  be  the  etiologic  factor  of  the  urinary 
obstruction;  they  were  evidently  secondary  deposits  in  the  alkaline 
residual  urine.  Neither  of  these  patients  had  secondary  complications 
to  warrant  immediate  operation,  and  when  last  heard  from  they  were  in 
fair  health. 

In  two  instances  the  stone  was  discovered  accidentally.  One  pa- 
tient complained  of  gastric  symptoms  only  and  was  operated  on  for  acute 
duodenal  ulcer.  The  other  had  symptoms  of  marked  circulatoiy  dis- 
turbance and  hypertension.    Operation  was  not  done  in  the  case  of  one 
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patient,  because  the  degree  of  cardi&c  insufficiency  made  it  inadvisable. 
One  patient  was  discovered  to  be  pregnant  at  the  time  of  examination,, 
and  operation  was  deferred  until  after  pregnancy  terminated.  Tbe 
patient  had  previously  gone  through  an  uncomplicated  pregnancy  with- 
out symptoms  of  nephrolithiasis,  and  it  seemed  advisable  to  allow  the 
pregnancy  to  progress. 

Two  patients  had  been  previously  advised  of  stones  in  both  kidneys, 
but  they  had  not  had  ^mptoms  of  any  kind  in  recent  years.  There  was 
little  or  no  evidence  of  infection  in  the  urine  and  the  renal  function  was 
but  slightly  impaired.  Because  of  the  previous  history  and  evident 
tolerance  of  these  patients  it  did  not  seem  best  to  remove  the  stones. 
In  the  presence  of  large  or  multiple  stones  which  are  not  causing  acute 
pain,  suppuration,  or  hemorrhage,  the  advisability  of  operation  is  ques- 
tionable. The  patient  acquires  a  tolerance  to  the  stones  and  will  often 
have  a  better  prognosis  than  if  they  are  removed.  If  the  stones  are  small 
and  the  function  is  not  too  greatly  diminished,  operation  may  be  ad- 
visable in  spite  of  the  fact  that  there  are  no  acute  symptoms.  If,  how- 
ever, there  is  considerable  kidney-destruction,  the  removal  of  large 
stones  causes  so  much  damage  to  the  kidney-tissue  that  death  frequently 
results  soon  after  operation.  The  possibility  of  stones  recurring  and 
then  being  situated  so  as  to  cause  urinary  obstruction,  must  also  be 
considered. 

Stone-forming  kidneya.—A  considerable  group  of  patients  with  pain 
referred  to  both  kidneys  have  been  examined  who  gave  a  history  of 
having  passed  stones  repeatedly,  but  who  at  the  time  of  the  examination 
were  found  to  be  negative,  Several  of  these  patients  had  passed  a  stone 
within  a  week  or  so  following  thorough  examination,  including  repeated 
roentgenography,  cystoscopy,  and  pyelography.  With  a  definite  history 
of  colic  referred  to  the  kidney,  in  spite  of  negative  roentgenographic 
and  cystoscopic  data,  a  negative  diagnosis  of  lithiasis  should  be  made 
with  caution.  The  inability  of  the  x-ray  to  show  this  type  of  stone 
would  lead  us  to  believe  that  the  occurrence  of  bilateral  lithiasis  is  more 
frequent  than  can  be  ascertained  by  our  present  methods  of  diagnosis. 
The  tendency  to  repeated  stone-formation  on  the  part  of  the  kidney  is 
most  interesting.  That  it  may  be  due  to  some  disturbance  in  metab- 
olism is  suggested  by  the  frequency  with  which  the  formation  ceases 
after  the  diet  has  been  corrected.  Several  of  the  patients  with  bilateral 
nephrolithiasis  gave  a  history  of  having  passed  stones.  In  the  presence 
of  large  or  multiple  stones  it  is  probable  that  the  stones  passed  sponta- 
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neously  have  been  either  single  stones  from  a  group  or  portions  of  single 
large  stones. 

Patients  operated  ow.^Both  kidneys  were  operated  on  in  33  patients 
and  one  only  in  29  patients.  Seven  of  the  29  patients  were  advised  to 
have  both  kidneys  operated  on,  but  they  refused.  In  the  remaining 
cases  either  the  stone  was  so  small  that  it  was  believed  that  it  would  be 
passed  spontaneously,  or  the  condition  of  the  patient  did  not  permit  of 
(^ration.  Five  of  this  group  passed  the  stone  from  the  other  side  spon- 
taneously. The  destruction  of  renal  tissue  consequent  to  the  search 
and  removal  of  very  small  stones  is  so  great  that  it  is  usually  best  to 
await  further  developments,  providing  the  patient  can  be  kept  under 
observation.  When  it  is  found  advisable  to  remove  such  stones,  pye- 
lography has  proved  of  great  aid  in  their  identification  and  localization. 

\ephrectomy. — In  22  patients  a  nephrectomy  of  one  kidney  was  found 
advisable  because  of  the  advanced  destruction  of  the  organ.  In  7  of 
these  patients  a  nephrectomy  alone  was  made;  in  15  it  was  found  neces- 
sary to  do  either  a  pelviolithotomy  or  nephrolithotomy  on  the  other 
kidney. 

Postoperative  rwufts.— There  was  no  operative  mortality,  which 
would  indicate  that  patients  with  bilateral  nephroHthiasis,  when  properly 
selected,  offer  no  greater  operative  risk  than  with  unilateral  lithiasb. 
There  were  10  deaths  reported  subsequent  to  operation,  all  within  less 
than  a  year,  the  majority  presenting  clinical  evidence  of  renal  insuf- 
ficiency. 

Stibsequent  examination. — Twenty  patients  were  examined  at  varying 
times  following  operation,  and  recurrences  were  found  in  5.  In  cor- 
respondence with  other  patients,  $  gave  a  history  of  having  passed  stones 
from  the  kidney  operated  on,  and  4  gave  a  history  of  severe  pain,  which 
we  regarded  as  probably  due  to  recurrence,  thus  making  the  total  num- 
ber of  recurrences  12  (19.35  per  cent).  A  previous  review  of  patients 
with  unilateral  lithiasb  showed  a  total  recurrence  of  less  than  10  per 
cent.  It  is  evident,  therefore,  that  the  recurrence  in  bilateral  nephro- 
lithiasis b  fully  twice  as  great  as  with  unilateral  lithiasis. 

In  the  22  cases  in  which  it  was  found  necessary  to  do  a  nephrectomy 
because  of  calcareous  pyonephrosis,  6  patients  died  within  a  year  follow- 
ing operation.  The  prognosis,  therefore,  in  cases  of  advanced  calcareous 
pyonephrosis  on  one  side  is  very  grave.  Subsequent  examinations 
were  made  in  5  of  these  patients,  recurrence  being  noted  in  but  1 .    Later, 
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letters  were  received  from  3  patieats,  all  of  whom  appear  to  be  fairly 
well. 

Unilateral  Litbiasis  with  Disease  in  the  Opposite  Kidket 

There  were  15  cases  of  stone  in  one  kidney  and  disease  in  the  other. 
This  group  does  not  include  a  large  number  of  coses  in  which  an  occa- 
sional pus-cell  was  found  in  the  cathetenzed  specimen  from  the  opposite 
kidney.  A  few  pus-cells  are  easily  picked  up  by  the  ureteral  catheter 
from  the  bladder-fluid,  and  should  have  no  practical  significance  pro- 
vided other  cystoscopic  data  are  negative  and  the  function  of  the  kidney 
is  found  to  be  normal.  But  with  definite  evidence  of  infection  and  dis- 
turbance in  function  in  the  other  kidney,  the  question  may  arise  whether 
or  not  operation  would  be  advisable. 

Among  the  various  conditions  found  in  the  opposite  kidney,  pyelo- 
nephritis to  a  moderate  degree  was  found  in  6  cases,  pyonephrosis  to 
such  an  extent  that  the  kidney  was  functionless  in  5,  hydronephrosis 
in  3,  and  tumor  in  1. 

Pyelonephritis  in  the  opposite  kidney.— In  the  presence  of  pyelo- 
nephritis in  the  other  kidney  it  is  advisable  to  ascertain  as  nearly  as 
possible  its  functional  activity.  When  the  functional  test  is  normal, 
the  infection  may  disappear  spontaneously  following  nephrectomy. 
When  the  function  is  moderately  low,  it  is  advisable  to  institute  pelvic 
lavage  and  catheter  drainage  preliminary  to  operation.  Uncompli- 
catefl  pyelonephritis  is  usually  painless.  There  was  no  pain  referred 
to  the  kidney  with  pyelonephritis  except  in  one  instance,  and  the  patient 
gave  a  subsequent  history  of  having  passed  a  small  stone,  with  colic 
referred  to  the  kidney  where  a  pyelonephritis  only  had  been  previously 
diagnosed.  WheiiB  therefore,  a  pyelonephritis  on  the  opposite  side  is 
accompanied  with  pain,  even  though  the  roentgenographic  evidence  is 
negative,  we  must  suspect  the  possibility  of  stone  lodged  in  either  the 
ureter  or  the  kidney,  and  an  exploration  may  be  justifiable.  Stone 
secondary  to  a  chronic  pyelonephritis  is  not  a  rare  complication  to  renal 
infection,  and  was  found  in  two  of  our  patients.  Removal  of  the  stone, 
however,  does  not  necessarily  effect  improvement  in  the  pyelonephritis. 

In  two  patients  the  nephritic  element  predominated  and  the  in- 
fectious process  seemed  to  be  of  secondary  importance.  The  stone  was 
removed  from  the  cortex  or  end  of  the  calyx,  and  it  was  hoped  that  its 
removal  would  improve  the  renal  function.     While  both  the  patients 
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made  a  good  temporary  recovery,  on  subsequent  correspondence  and 
examination  no  definite  change  was  noted  in  the  condition. 

One  patient  bad  a  peculiar  anomaly  in  that  he  had  a  reduplication  of 
both  ureters  and  pelves.  The  stone  was  situated  in  the  upper  pelvis 
of  the  left  kidney,  which  was  independent  from  the  lower  pelvis.  The 
stone  was  removed  by  bisection  of  the  kidney.  Pyelonephritis  remained 
in  the  lower  pelvis  and  was  also  present  in  both  pelves  on  the  right  side. 
The  patient  was  recently  examined  (six  years  after  operation)  and  was 
found  in  a  fair  degree  of  health,  in  spite  of  the  persisting  pyelo- 
nephritis, which  seemed  to  be  no  farther  advanced  since  the  previous 
examination. 

Inflammatory  destruction  of  the  kidney  containing  stone  was  so  ad- 
vanced that  nephrectomy  was  necessary  in  three  cases;  the  pyelo- 
nephritic  kidney  was  left  to  carry  on  the  function.  Subsequent  data 
from  two  of  the  patients  lead  us  to  believe  that  they  are  in  a  fair  state 
of  health.  Whether  or  not  the  increased  function  in  the  remaining  kid- 
ney had  any  therapeutic  effect  would  be  difficult  to  determine. 

.  Pyonepkroaia  in  opposite  kidney. — With  pyonephrosis  in  the  second 
kidney  the  indications  for  operation  may  be  confusing:  (1)  When  the 
function  of  both  kidneys  is  greatly  destroyed  and  there  are  no  acute 
complications,  the  condition  is  not  operable.  (2)  When  there  is  even  a 
small  amount  of  normal  tissue  remaining  in  the  calcareous  kidney  and 
there  are  acute  symptoms  which  require  relief,  nephrolithotomy  and 
drainage  of  the  infected  areas  are  indicated,  the  pyonephrosis  in  the 
opposite  kidney  being  left  undisturbed.  (3)  When  the  renal  stone  is  not 
causing  any  acute  disturbance  and  there  is  either  pain  or  evidence  of 
systemic  infection  from  the  opposit^kidney,  immediate  nephrectomy  of 
the  latter  is  indicated.  In  this  series  there  were  a  number  in  the  first 
group,  which  have  been  previously  referred  to,  there  were  2  in  the  second 
group  and  3  in  the  third  group.  The  prognosis  in  the  first  two  groups  is 
necessarily  very  poor,  all  patients  being  reported  dead  within  a  few 
months  after  operation.  In  the  third  group  there  is  generally  a  marked 
improvement  in  the  condition  of  the  patient.  This  is  usually  accom- 
panied by  improvement  in  the  function  of  the  remaining  kidney,  even 
though  stone  is  present.  In  1  patient  the  combined  function  rose  from 
19  per  cent  before  operation  to  40  per  cent  a  month  after  operation. 
The  predominating  symptoms  in  3  of  the  patients  were  on  the  side  in 
which  the  stone  was  located,  and  in  2  patients  on  the  side  of  the  pyo- 
nephrosis.    The  discovery  of  stone  in  the  latter  was  accidental. 
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Hydronejihroaia  in  the  opposite  kidney. — ^There  were  3  patients  with 
hydroaephroais  iu  the  opposite  kidney,  and  in  2  of  these  the  hydro- 
nephrosis was  bilateral,  with  secondary  formation  of  stones.  From  the 
long  duration  of  symptoms,  extending  back  to  childhood,  it  would  seem 
as  though  the  hydronephrosis  were  of  congenital  origin,  although  uni- 
lateral hydronephrosis  of  recent  origin  with  secondary  stones  is  not  an 
uncommon  condition.  In  1  patient  the  stones  had  caused  so  much 
infection  that  the  kidney  was  largely  destroyed  and  a  nephrectomy  was 
necessary.  The  patient,  however,  died  three  months  after  leaving  the 
Clinic.  In  another  case  a  pelviolithotomy  was  done  and  the  patient 
reports  some  improvement,  with  persistence  of  pain  in  both  kidneys. 
The  third  patient  was  not  operated  on  and  reports  the  passage  of  num- 
erous small  stones  and  the  cessation  of  symptoms  a  short  time  after 
leaving  the  Clinic.  It  is  evident,  therefore,  that  in  the  presence  of 
complicating  hydronephrosis  a  conservative  operation  is  indicated  when 
possible. 

Tumor  in  opposite  kidney. — In  1  patient  a  tumor  was  found  in- 
volving the  opposite  kidney,  which  proved  to  be  sarcoma.  A  neph- 
rectomy was  done,  but  was  only  partially  successful,  since  there  was  in- 
filtration in  the  surrounding  tissues.  No  further  operation  seemed 
advisable. 

Stone  m  a  Single  Kidney 
In  7  patients  with  only  one  kidney  a  stone  was  removed.  In  5  of 
these  nephrectomy  had  been  done  elsewhere  some  time  previously;  in 
the  other  2  there  was  no  evidence  of  the  existence  of  the  opposite  kid- 
ney, and  there  was  no  clinical  evidence  of  previous  renal  disease,  so  it 
may  be  inferred  that  the  condition  was  congenital  solitary  kidney.  In  3 
of  the  5  cases  in  which  a  nephrectomy  had  been  done  this  was  neces- 
sary because  of  pyonephrosis — in  1  because  of  hydronephrosis  and  in  1 
because  of  acute  pyelonephritis.  The  operations  performed  on  the  single 
kidney  were,  nephrolithotomy  3,  and  pelviolithotomy  4.  In  one  of  the 
cases  of  nephrolithotomy  the  patient  was  operated  on  three  times  for 
recurring  stone,  extending  over  a  period  of  six  years.  The  patient  died 
seven  years  after  the  first  operation.  One  other  patient  was  also  oper- 
ated on  for  repeated  stone,  hut  is  now  alive  and  well.  This  illustrates 
the  great  degree  of  tolerance  which  a  single  kidney  may  have  for  removal 
of  recurring  stone.  One  patient  developed  uremia  one  month  after 
operation  and  died.     One  patient  had  a  subsequent  x-ray  examination. 
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which  was  negative;  there  were  no  subsequent  data  in  the  remaining 
3  cases. 

A  peculiarity  noted  in  several  of  the  cases  was  the  high  phenol- 
sulphonephthalein  output  of  more  than  50  per  cent  in  spite  of  the 
presence  of  a  stone  of  considerable  size  in  the  kidney.  Had  the  opposite 
kidney  been  functionating,  the  output  would  have  been  considerably 
lowered  by  the  presence  of  the  stone,  and  the  other  kidney  would  have 
been  performing  a  correspondingly  larger  amount  of  work.  In  the 
absence  of  the  opposite  kidney,  however,  the  entire  fimction  was  forced 
upon  the  one  kidney,  and  the  stone-irritation  did  not  have  the  usual 
effect.  There  was  no  operative  mortality  in  this  group.  Two  of  the 
patients  have  since  been  reported  dead.  The  others  are  living  and  to 
all  appearances  are  in  comparatively  good  health. 

HoHaESHOE   OH   FuSED   KiDNEY 

Five  patients  were  operated  on  when  lithiasis  was  found  in  a  fused 
or  horseshoe  kidney — ^in  i  the  lithiasis  was  confined  to  one-half  of  the 
kidney,  and  in  1  there  was  a  stone  in  both  sides  of  the  kidney.  In  i 
patients  with  unilateral  involvement  secondary  infection  had  advanced 
so  far  that  bisection  of  the  kidney  was  necessary.  In  2  a  pelviolithotomy 
was  performed.  In  the  case  of  bilateral  nephrolithiasis,  heminephrec- 
tomy  was  necessaiy  on  one  side,  and  a  stone  was  removed  from  the  lower 
ureter  by  cystoscopic  manipulation  on  the  other.  Three  of  these  pa- 
tients are  alive  from  one  to  five  years  after  operation. 

SUMHABY 

1.  In  17.2  per  cent  of  the  patients  in  this  aeries  there  was  bilateral 
renal  involvement.     The  percentage  of  bilateral  lithiasis  was  12.3. 

2.  Bilateral  as  well  as  unilateral  lithiasis  occiurred  twice  as  often  in 
the  male  as  in  the  female. 

3.  Pain  in  bilateral  nephrolithiasis  was  unilateral  in  04  per  cent  and 
absent  in  8  per  cent  of  the  cases. 

4.  Bilateral  stones  were  found  most  frequently  in  the  pelves  and 
calyces. 

5.  Combined  renal  functional  tests  were  of  practical  value  only 
when  normal  or  extremely  low. 

6.  To  ascertain  the  comparative  degree  of  function  in  the  two  kid- 
neys, the  functional  test  was  of  value  only  when  it  was  zero  or  a  trace, 
normal  or  excessive. 
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7.  The  functional  test,  x-ray  examination,  and  cystoscopic  inspec- 
tion may  be  insufficient  to  determine  the  degree  of  healthy  renal  tissue 
remaining,  and  exploration  only  can  determine  this. 

8.  Indications  for  operation :  (a)  The  kidney  with  acute  complica- 
tions should  be  operated  on  first;  (b)  without  acute  complications  the 
kidney  with  the  better  function  should  be  operated  on  first;  (c)  occasion- 
ally simultaneous  bilateral  operation  is  advisable. 

9.  Patients  may  be  inoperable  because  of  renal  insufficiency,  second- 
ary infection,  kidney  destruction,  or  constitutional  complications. 

10.  Patients  with  large  bilateral  stones  causing  no  symptoms  or 
complications  are  better  off  without  operation. 

11.  The  operative  mortality  in  this  series  was  zero;  the  total  number 
of  deaths  after  operation,  10;  these  patients  died  less  than  a  year  fol- 
lowing operation.  The  operative  mortality  with  calcareous  pyonqjh- 
rosis  is  much  greater  than  with  other  forms  of  bilateral  litbiasis. 

14.  The  recurrence  in  cases  of  bilateral  nephrolithiasis  was  20  per 
cent,  in  unilateral  lithiasis,  as  previously  reported,  it  was  10  per  cent. 

13.  When  there  is  stone  in  one  kidney,  the  most  common  forms  of 
disease  in  the  opposite  kidney  are:  Pyelonephritis,  pyonephrosis,  and 
hydronephrosis. 

14.  With  unilateral  lithiasis  the  opposite  kidney  may  be  so  badly 
diseased  that  a  preliminary  operation  may  be  advisable  on  that  kidney. 

15.  Stone  secondary  to  pyelonephritis,  when  removed,  prevents 
further  renal  destruction,  but  is  not  of  curative  value. 

16.  When  the  nephritic  element  predominates,  removal  of  the  stone 
is  not  of  much  therapeutic  value  to  the  nephritis. 

17.  A  single  kidney  has  a  great  degree  of  tolerance  for  repeated 
operation  for  stone. 

18.  In  a  single  kidney  the  phenobulphonephthalein  output  usually 
remains  high  in  spite  of  the  presence  of  an  uncomplicated  stone  which  is 
probably  due  to  compensatory  hypertrophy. 

19.  Fused  or  horseshoe  kidneys  permit  of  repeated  operation  for 
lithiasis  which  may,  if  necessary,  include  heminephrectomy. 
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In  the  bladder,  as  elsewhere  ui  the  body,  the  correct  surgery  of  tumors 
depends  od  discovering  lesions  early  and  removing  them  completely. 
The  anatomic  conditions  of  the  bladder,  and  the  rather  inaccessible  lo- 
cation of  certain  parts,  together  with  the  necessary  maintenance  of  its 
physiologic  functions,  tend  to  make  the  technic  of  operation  difficult. 

Since  the  advent  of  the  expert  cystoscopist  the  clinical  outlines  of 
these  neoplasms  in  the  bladder  have  been  definitely  defined.  If  there 
is  a  tumor  in  any  part  of  the  bladder,  it  is  not  only  demonstrable,  but 
it  is  usually  possible  to  show  whether  it  is  benign  or  malignant,  and 
whether  or  not  if  is  amenable  to  surgical  treatment.  The  importance 
of  removing  a  piece  of  the  tumor  through  the  cystoscope  for  microscopic 
examination  has  probably  been  overestimated.  In  most  instances  the 
^>pearatice  of  the  tumor  reveals  its  nature.  Further,  it  is  generally 
believed  that  a  large  percentage  of  all  tumors  of  the  bladder  are  po- 
tentially malignant  and  should  be  treated  as  such.  In  papillary  tumor, 
malignancy  b  suggested  if  there  is  necrosis  of  the  papilla,  edema  at  the 
base  of  the  tumor,  or  nodules  in  the  mucosa  near  the  tumor.  Intractable 
cystitis  also  suggests  that  the  growth  may  be  malignant,  and  any  in- 
duration felt  on  rectal  or  vaginal  examination  is  almost  a  certain  indica- 
tion that  it  is  malignant. 

It  is  also  recognized  that  tumors  having  the  characteristics  of  a 
benign  papilloma  may  recur  rapidly,  and  at  the  time  of  the  recurrence 
present  all  the  characteristics  of  a  malignant  lesion.  Therefore  it  is 
difficult  definitely  to  determine  whether  a  papillary  tumor  of  the  bladder 
is  benign  or  malignant,  or  what  its  clinical  course  will  be.  Fulguration 
b  sometimes  used  to  test  the  nature  of  the  tumor;  if  benign,  it  usually 
responds  quickly  to  intravesical  treatment;    if  malignant,  it  may  not 
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change— it  may  even  be  stimulated  or  the  slough  may  not  be  separated, 
or  it  may  become  covered  with  a  calcareous  deposit,  which  suggests 
advanced  malignant  changes  in  the  deeper  tissues. 

It  is  quite  evident,  from  the  recent  reports  by  Geraghty,  Braasch, 
Beer,  Buerger,  and  others  familiar  with  the  cystoscopic  picture  in  such 
cases,  that  they  now  depend  more  on  the  gross  appearance  of  the  tumor 
in  determining  its  exact  pathologic  nature  than  formerly.  When  the 
endovesical  removal  of  these  tumors  was  simplified  by  Beer,  it  was 
thought  that  a  method  had  been  discovered  that  would  be  effective  in 
curing  all  such  cases.  It  gradually  became  apparent,  however,  that 
while  certain  types  of  tumors  of  the  bladder  could  be  readily  removed  fay 
this  method,  other  forms  were  little  affected  by  it.  It  is  now  recognized 
that  the  endovesical  method  is  applicable  only  to  the  treatment  of  tu- 
mors of  the  benign  or  relatively  benign  papillomatous  type,  and  that 
non-papillomatous  and  definitely  malignant  papillomatous  tumors 
should  not  be  thus  treated. 

Several  patients  have  come  under  our  care  who  previously  had  been 
subjected  to  repeated  fulgurations,  apparently  in  spite  of  the  fact  that 
the  tumor  was  growing  rapidly  instead  of  diminishing  in  size.  One 
patient  had  received  20  treatments.  These  are  unfortunate  cireum- 
stances,  since  in  all  probability,  if  this  patient  had  been  operated  on 
after  the  first  few  fulgurations  failed  to  show  improvement,  much  might 
have  been  accomplished.  However,  too  much  cannot  be  said  in  favor 
of  this  endovesical  metbod  of  treating  the  type  of  tumors  which  respond 
to  the  treatment,  yet  it  is  very  unfortunate  to  allow  an  operable  case  to 
become  inoperable  in  the  process. 

Tbe  original  cutting  operations  performed  some  years  ago  for  tumors 
of  the  bladder  were  quite  generally  unsatisfactory,  both  from  the  stand- 
point of  high  mortality  and  early  recurrence,  but  at  the  present  time, 
with  a  better  understanding  of  the  nature  of  the  lesion  and  with  great^ 
improved  operative  technic,  more  radical  and,  therefore,  more  satis- 
factoty  operations  can  be  performed.  One  of  the  principal  difficulties 
in  the  open  operation  was  the  recurrence  by  implantation  which  so 
frequently  followed  and  which  was  undoubtedly  due  to  the  piece-meal 
removal  of  the  tumor  through  a  small  incision  without  adequate  pro- 
tection of  the  surrounding  tissues.  This  particular  feature  has  been 
almost  completely  eliminated,  and  I  think  occurs  no  more  often  now 
than  in  operations  for  malignant  tumors  in  other  regions.  With  the 
knowledge  that  these  tumors  readily  form  graft-recurrences  it  is  neces- 
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sary  to  pay  especial  attention  to  the  protection  of  other  tissues  during 
the  time  they  are  exposed. 

From  a  therapeutic  standpoint,  tumors  of  the  bladder  may  be  classi- 
fied as:    (1)  Those  satisfactorily 
treated  by  endovesical  methods,  ~ 

and  (2)  those  requiring  open 
operations.  There  is  no  question 
but  that  the  benign  papilloma  will 
usually  respond  to  fulguration.  ^^ 
Exceptions  to  this  would  be  the 
cases  of  multiple  papillomas  in 
which  the  treatments  would  be 
numerous  and  prolonged,  or  in 
cases  in  which  the  individual  was 
not  tolerant  of  this  kind  of  treat- 
ment. It  would  be  better  to  do 
an  open  operation  in  either  in- 
stance. 

It  has  beenourcustom  to  have 
all  cases  of  tumor  of  the  bladder 
examined  cystoscopically  at  defi- 
nite intervals  following  the  orig- 
inal operation,  with  the  view  of 
keeping  down  any  suggestion  of 
a  recurrence.  In  the  past  few 
years  we  have  observed  14  cases 
of  recurrence  following  resections 
which  were  amenable  to  fulgura- 
tion. One  of  these  patients  was 
fulgurated  fifteen  months  after 
the  resection  and  has  been  well 
for  two  years.  One  was  fulgu- 
rated after  two  yearsand  has  been 
well  for  four.    One  was  fulgurated 

after   eighteen   months,  and  he         '*'  ihe~yinph"S'md5l.miu>'S^p*riio"ni'm!"' 
now  states  that  he  is  well,  three 

years  after  the  treatment.  One  was  fulgurated  after  three  years, 
and  has  not  been  seen  for  three  months.  One  has  been  fulgurated 
yearly  for  the  past  three  years,  and  was  last  examined  five  months  ago. 
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One  was  fulgurated  one  month  after  operation  and  has  not  been  seen 
for  three  months. 

It  seems  evident  that  tumors,  frankly  malignant  at  operation,  may- 
respond  to  fulguration  when  they  recur.     In  these  cases  in  which  a 


resection  has  been  done  the  granulating  surface  remaining  aft«r  the 
tumor  has  been  removed  and  the  proliferating  epithelium  seen  at  the 
border  of  the  granulating  surface  may  often  suggest  a  recurrence  when 
none  actually  exists.  It  would  seem  best,  however,  in  all  such  cases  to 
keep  close  watch  of  conditions  for  some  time  and  fulgurate  any  suspi- 
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eio  US- looking  area  before  it  has  had  time  to  develop  into  anything  of 
importance. 

In  case  the  benign  tumor  does  not  respond  readily  to  futguration  it 
should  be  removed  by  open  operation.  These  papillomas,  cystoscopic- 
ally,  simulate  benign  growths,  and  when  they  do  not  behave  well  under 
fulguration,  it  is  suggestive  that  they  may  be  malignant.  All  definitely 
malignant  papillomas,  either  of  the  papillary  type  of  carcinoma  or  of 
the  type  infiltrating  the  wall  of  the  bladder,  are  best  treated  at  once  by 
the  open  operation.  It  may  be  permissible  to  treat  a  small  malignant 
papilloma  by  fulguration  with  a  view  to  radical  excbion,  provided  it 
does  not  respond  readily.  Undoubtedly  the  results  in  such  cases  at  the 
present  time  would  be  much  better  if  all  malignant  tumors  of  the  bladder 
were  treated  by  open  operation  as  soon  as  they  are  discovered.  After 
this,  each  case  should  be  routinely  cystoscoped  every  few  months  for 
one  or  two  years. 

All  large  benign  tumors,  such  as  myomas,  fibromas,  and  angiomas, 
should  be  removed  by  suprapubic  operation. 

Operation 

The  operative  procedure  for  tumor  of  the  bladder  consists  in  excising 
the  tumor  and  resecting  the  portion  of  the  wall  of  the  bladder  from  which 
the  tumor  arises  (Fig.  63) .  A  simple  excision  of  the  tumor  is  permissible 
only  in  the  case  of  a  papillary  tumor  on  a  pedicle,  and  even  with  this 
form  of  tumor  it  is  better  to  excise  a  portion  of  the  adjoining  bladder- 
tissue.  Excision  of  the  growth  is  not  sufficient  and  is  no  safer  than 
resection.  In  all  cases  the  resection  should  include  the  entire  thickness 
of  the  bladder  (Fig.  64).  Of  course,  this  means  the  invasion  of  the 
prevesical  space,  but  with  modern  technic  this  adds  very  little  to  the 
operative  risk.  If  the  resection  is  not  extensive,  the  remaining  opening 
may  be  closed,  and  drainage  established  through  the  bladder.  If  a 
large  segment  of  bladder  is  removed,  it  is  better  to  drain  the  space  for 
several  days  (Fig.  65).  The  drain  may  be  brought  out  through  the 
bladder  or  along  its  side.  If  the  prevesical  tissues  are  exposed,  drainage 
is  essential  (Fig.  66). 

At  one  time  we  employed  the  transperitoneal  method  in  a  large  per- 
centage of  our  cases.  At  present  it  is  not  believed  to  be  necessary  or 
to  have  the  distinct  advantage  formerly  ascribed  to  it.  If  the  peritoneal 
side  of  the  bladder  is  involved,  the  peritoneum  should  always  be  opened 
and  packed  off  to  allow  a  complete  removal  of  that  part  of  the  bladder. 
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together  with  the  peritoneum.     This  requires  the  performance  of  a  more 
extensive  operation,  but  apparently  does  not  increase  the  mortality.  If 


anything  is  to  be  gained  in  the  exposure  of,  or  in  the  thorough  removal 
of,  the  neoplasms  by  opening  the  peritoneum,  this  should  be  done, 
although  usually  a  fair-sized  incision  down  to  the  prevesical  tissues, 
without  opening  the  peritoneum,  is  sufficient.     In  this  manner  all  parts 
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of  the  bladder  become  accessible  and  a  satisfactory  resectioa  can  be 


>n.  M.-roiBi))fl»n  of  thf  ofxriitioii.    Tbr  hl»dd"-«l(C"  »rr  "iilurni  toirelber,  oULIrtaling  the  drlni  in  the 
lilnil  wall.     A  laige  usuzr  drain  u  plarrd  in  the  prevesimL  tpHre  and  a  rubber  drain  in  tiK  bladder. 

made.    The  operation  should  be  performed  with  the  same  precision  as 
'"f  the  removal  of  malignant  growths  of  the  stomach  or  colon.     L'n- 
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fortunately,  most  tumors  originate  in  the  base  of  the  bladder,  and  in  a 
large  percentage  of  cases  one  of  the  ureteral  areas  will  be  involved.     The 


most  inoperable  cases  are  those  in  which  the  urethral  orifice  is  included 
in  the  growth.  Such  cases  often  require  total  cystectomy,  a  procedure 
which  as  yet  can  seldom  be  advised. 
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Transplantation  of  one  ureter  to  a  new  quadrant  of  the  bladder  may 
be  done  very  satisfactorily  (Fig.  67).  In  a  few  instances  we  have 
transplanted  both  ureters,  but  this  will  seldom  be  required,  as  the  tumor. 


Kw.  «8.— The  UD' 


even  when  it  is  extensive,  will  usually  involve  only  one  side  (Fig.  68). 
If  the  growth  has  completely  occluded  the  ureter,  the  kidney  on  that 
side  will  probably  be  functionless,  and  in  such  cases,  if  it  is  difficult  to 
make  a  satisfactory  transplantation,  it  is  just  as  well  to  ligate  the  ureter. 
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We  have  followed  this  procedure  in  at  least  12  cases  and  have  seen  no 
harm  of  any  description  arising  from  it.  In  none  of  the  cases  was  it 
necessary  to  remove  the  kidney  later.  If  the  divided  ureter  can  be 
transplanted,  it  should  be  done. 

Three  cases  are  cited  herein  which  have  been  followed  for  some  time. 
In  all,  the  kidneys  were  shown  to  be  functionating  normally;  in  one, 
four  years;   in  one,  one  year;   in  one,  six  months  after  operation.     In 


these  cases  the  urine  from  the  transplanted  ureter  was  practically 
normal.  There  were  a  few  pus-cells  in  one  case.  The  phenolsulphone- 
phthalein  output  from  these  kidneys  was  normal  in  two  cases,  and 
possibly  reduced  a  little  in  the  other.  The  case  in  which  the  ureter 
was  transplanted  four  years  previously  gave  a.  better  output  from  the 
side  operated  on  than  it  did  from  the  opposite  side.  In  2  of  the  3 
cases  ureteral  catheters  were  passed  into  the  transplanted  ureters  and 
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pyelograms  were  made  showing  normal  outlines  of  the  pelvis  of  the 
kidney.  In  the  third  case  a  goodly  amount  of  urine  was  passing  from  the 
ureter,  yet  a  catheter  could  not  be  inserted  sufficiently  to  make  a  picture 
of  the  kidney.     There  can  be  no  doubt  that  such  cases  are  adequate 


proof  that  the  kidney  with  a  transplanted  ureter  continues  to  func- 
tionate in  a  normal  manner.  Infection  does  not  take  place  in  the  kidney 
in  spite  of  the  fact  that  the  ureterovesical  sphincter  is  destroyed. 

A  large  quadrant  of  the  wall  of  the  bladder  may  be  removed  and 
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good  bladder-capacity  be  maintained.     In  some  of  our  cases  a  mat  ' 
funnel  remained  when  the  operation  was  completed,  and  yet  in  a  si 
time  the  intervals  between  urination  had  diminished  so  greatly  as  to 
give  the  patient  a  very  comfortable  existence. 

TABLE  I 
PATIENTS  OPERATED  ON  FOR  TUMORS  OF  THE  BLADDER  (]9(B-I916  IN 
CLUSIVE  AND  FROM  JANUARY  1  TO  NOVEMBER  1,  1917).  ALSO  80  PA- 
TIENTS TREATED  BY  FULGURATION  SINCE  JANUARY  I.    ISII  \Dt 
BiuABcn) 

Patients  operated  on  (1902-IB16) 181 

Males 139 

Femakes 48 

Average  age , 5*  y^rs 

Dead  (avemge  length  <rf  life,  twenty  months) 105 

Alive_.  , 41 

Condition  unknown 35 

Average  duration  of  symptoms W  months 

Hematuria 154 

Eltraperitoneal  operations ,    .  138 

Transperitoneal  operations . 43 

Extensive  resections  of  the  bladder 49 

lotravestcal  transplantation  ot  ureter IT 

ligation  of  the  ureter 3 

Cystectomy  (complete  extirpation  of  the  bladder) 5 

Both  ureters  transplanted  to  bowel S 

Both  ureters  transplanted  to  urethra 1 

Both  ureters  brought  out  to  the  lumbar  region 1 

Growth  excised  with  cautery  or  knife  and  cautery  to  the  base ........  87 

Inoperable  cases — palliative  cautery S6 

Inoperable  cases — explored 14 

Palliologic  diagnosLs — epithelioma  or  carcinoma 180 

Patholni^c  diagnosis^papillary  angioma  (included  in  this  series)  ....  1 

Prostatectomy  and  operation  on  the  bladder S 

Diverticulum  eidsed  and  operation  on  the  bladder 1 

Stones  removed  and  operation  on  the  bladder 3 

Patients  reoperated  on  for  recurrence .  16 

Patients  havinj;  previous  operations  elsewhere £3 

Tumors  of  the  bladder 13 

Prostatectomy 6 

Removal  ot  stones      4 

Operations  for  malignant  tumor  (January  I  to  No\'ember  1.  19IT) ...  SIS 

Extraperitoneal i9 

Transperitoneal 7 

Partial  resection  of  the  bladder IB 

Extensive  resection  of  the  bladder 14 

Ureter  transplanted 8 

Ureter  ligated 6 

Complete  extirpation  of  the  bladder  (ureters  transplanted  to  bowel)   .  1 

Excision  and  cautery  of  multiple  papillomas 3 

Exploration  ot  inoperable  cardnoma 1 

In  conclusion  it  may  be  said  that  the  treatment  of  tumors  <^  tbe 
bladder  is  gradually  being  settled  on  a  definite  basis.  A  large  experi- 
ence with  the  endovesical  treatment  has  demonstrated  the  type  of 
tumor  that  may  be  cured  by  fulguration,  and  also  the  type  that  does 
not  respond  to  this  method  of  treatment.  Further  experience  with  the 
suprapubic  open  operation  has  taught  us  that  a  radical  excision  of  the 
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tumor  of  the  portion  of  the  wall  of  the  involved  bladder  and  of  the 
prevesical  tissues  may  be  done  with  satisfactory  immediate  and  ultimate 
results. 

Abstract  of  a  Case  op  an  Unusual  Tumor  of  the  Bladder  (Figs, 
69  AND  70) 

Case  149448. — A  female,  nineteen  years  of  age,  came  for  consultation 
January  4,  1916.  She  complained  chiefly  of  incontinence  of  urine, 
which  began  about  two  years  previously,  when  there  were  partial  loss  of 
urinary  control  and  slight  pain  at  the  end  of  urination.  The  bladder 
was  irrigated  for  six  weeks  at  that  time,  but  with  no  improvement  in 
the  condition.  The  patient  stated  that  there  had  been  blood  and  pus 
in  the  urine  for  two  weeks. 

On  physical  examination  a  large  cystic  tumor  was  found  in  the  mid- 
line, above  the  symphysis,  and  extending  to  the  umbilicus.  Cathe- 
terization seemed  to  reduce  this  mass  to  about  three-fourths  of  the 
original  size.  Pelvic  examination  revealed  a  mass  behind  the  bladder. 
Cystoscopic  examination  revealed  a  large  tumor-mass  involving  the 
right  wall  and  base  of  the  bladder,  and  attached  around  the  sphincter. 
The  left  meatus  was  normal;  the  right  was  not  seen. 

January  11,  1916:  The  first  stage  of  the  two-stage  operation  was 
done:  Extraperitoneal  removal  of  an  enormous  polypoid  tumor,  filling 
a  greatly  hypertrophied  bladder.  There  was  an  opening  in  the  right 
anterior  wall  of  the  bladder,  through  which  the  growth  extended  into 
the  right  extravesical  space.  This  space  was  freed  and  packed  oflf  with 
the  idea  of  removing  the  growth  later. 

February  19,  1916:  The  second  stage  was  done:  An  extravesical 
growth,  the  size  of  a  grape-fruit,  was  excised,  and  the  opening  in  the 
bladder,  two  inches  in  diameter,  was  closed.  The  pathologic  diagnosis 
was  papillary  angioma. 

Although  the  patient  had  no  symptoms,  she  returned  for  examina- 
tion April  15, 1916.  Cystoscopic  examination  showed  a  small,  recurring 
papilloma  on  a  pedicle  at  the  right  base,  which  was  fulgurated.  Cysto- 
scopic examination  October  28,  1916,  and  May  9,  1917,  did  not  show 
n  the  bladder. 


Notes  op  the  Operations  and  of  the  Examinations  following 

Operation  in  Three  Cases  {80914,  186610,  163712)  in  which 

One  Ureter  was  Transplanted  to  a  New  Quadrant  of  the 

Bladder  at  the  time  the  Tumor  was  Removed 

Case  80914.^ — Mrs.  J.  R.,  forty  years  of  age.     Operation  August  6, 

1913:     Suprapubic  resection  of  the  bladder  for  cancer  was  done.     The 

lower  end  of  the  right  ureter  was  mvolved;    it  was  excised  with  the 

growth,  the  end  of  the  ureter  was  cut  off.  and  it  was  transplanted  into 

the  opening  in  the  bladder.     Cystoscopic  examination  was  made  October 
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S6,  1917,  four  years  after  the  operation,  and  showed  the  right  ureter 
widely  open.  Clear  urine  was  seen  spurting  from  the  meatus,  but  a. 
catheter  could  not  be  passed  into  the  ureter.  A  Garsan  catheter  was 
passed  into  the  left  ureter,  blocking  it  completely.  An  intravenous 
phenolsulphonephthalein  injection  was  given,  and  the  output  collected 
for  fifteen  minutes.  Fifteen  per  cent  came  through  the  catheter  in  the 
left  ureter,  17.5  per  cent  was  collected  in  the  bladder,  this  having  come 
into  the  bladder  through  the  right  or  transplanted  ureter.  The  indica- 
tions were  that  the  right  kidney  was  performing  at  least  one-half  of  the 
renal  function,  in  spite  of  the  fact  that  the  ureter  had  been  transplanted 
four  years  previously.  The  urine  was  clean,  but  it  was  impossible  to 
make  a  pyelogram  of  the  kidney  because  a  catheter  could  not  be  passed 
into  the  ureter. 

Case  186610. — P.  K.  O.,  a  male,  fifty-four  years  of  age.  Operation 
March  9,  1917:  Suprapubic  resection  of  the  bladder  for  epithelioma. 
The  resection  involved  the  removal  of  one-third  of  the  bladder,  including 
one-half  inch  of  the  left  ureter.  The  cut-oflf  end  of  the  ureter  was 
transplanted  into  another  part  of  the  bladder.  Cystoscopic  examination 
seven  months  after  the  operation  showed  that  the  left  ureter  was  widely 
open  and  spurting  urine  normally.  A  Garsan  catheter  was  easily  passed 
up  into  the  ureter.  Intravenous  phenolsulphonephthalein  appeared  in 
four  minutes:  4  per  cent  came  from  the  transplanted  side,  and  20  per 
cent  from  the  opposite  side.  A  thorium  pyelogram  showed  a  normal 
outline  of  the  pelvis  of  the  kidney.  There  was  no  evidence  of  a  recur- 
rence of  the  carcinoma.  This  examination  seemed  to  indicate  that  the 
function  of  the  kidney  was  diminished,  but  in  view  of  the  fact  that  the 
ureter  had  been  transplanted,  it  was  difiBcult  to  get  the  catheter  to  fit 
snugly  into  it,  and  there  was  some  leakage  of  urine  from  that  side  into 
the  bladder,  which  undoubtedly  helped  to  make  up  the  20  per  cent. 

Case  163712. — H.  P.  J.,  a  male  sixty-nine  years  of  age.  Opera- 
tion July  II,  1916:  Suprapubic  excision  of  atumorof  the  bladder  the 
size  of  a  hen's  egg,  on  the  right  wall.  One-half  inch  of  the  lower  end 
of  the  right  ureter  was  removed  with  the  growth,  the  cut-off  end  being 
pulled  into  the  bladder  and  sutured  so  that  it  projected  one-half  inch. 
Cystoscopic  examination  more  than  one  year  after  the  operation  showed 
an  open  right  ureter  and  clear  urine  coming  down  from  this  side.  The 
meatus  was  slightly  gaping.  A  No.  6  catheter  was  passed  readily  up  the 
right  ureter.  Fifteen  per  cent  phenolsulphonephthalein  was  recovered 
from  the  right  side,  and  17.5  per  cent  from  the  bladder,  showing  that  the 
right  kidney  was  doing  practically  one-half  the  work.  A  pyelogram 
made  of  the  right  side  showed  a  normal  kidney -outline.  There  was  no 
evidence  of  recurrence. 

Forty-one  patients  are  living,  and  their  condition  has  been  ascer- 
tained by  letter  or  recent  examination.  The  average  age  of  these 
patients  is  fifty  years.  The  average  length  of  time  since  operation  is 
fifty-four  months,  or  four  and  one-half  years. 
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TABLE  2 
2  patient!  are   alive   10     years  altet  operetio 


Fifteen  of  the  41  patients  have  not  returned  for  examination.  In 
reply  to  recent  letters  they  state  that  their  general  health  is  good.  All 
but  two  have  gained  from  5  to  30  pounds  in  weight,  and  these  two  have 
maintained  their  normal  weight.  One  complains  of  urinary  frequency 
(five  to  seven  times  at  night) ;  the  others  void  from  one  to  three  times  at 
nigfat.  One  only  complains  of  frequency  during  the  day.  Three  say 
that  at  times  they  have  pain  at  the  end  of  urination.  None  of  the  15 
patients  have  noted  hematuria  at  any  time  since  operation,  nor  has 
there  been  any  subsequent  treatment.  The  average  length  of  time 
since  operation  in  these  cases  is  seventy-five  months.  In  7  an  extra- 
peritoneal excision  of  the  growth  with  the  cautery  was  done;  in  2  extra- 
peritoneal resections  of  the  bladder  with  transplantation  of  one  ureter; 
and  in  6  transperitoneal  excisions  of  the  growth  with  the  cautery. 

In  the  26  remaining  cases  the  patients  have  returned  for  examination 
at  various  times  since  operation.  The  cystoscopic  examination  in  12  of 
these  (three  to  eighty  months  after  operation)  showed  no  recurrence; 
and  in  recent  letters  they  state  that  their  general  health  is  good  and 
that  they  have  no  bladder  symptoms.  In  the  remaining  14  cases  cysto- 
scopic examination  revealed  recurrences  which  were  later  fulgurated  or 
operated  on. 


Abstracts  op  the  Histories  of  the  12  Patients  in  whom  no  Recur- 
rence COULD  BE  DeUONSTRATED  FROM  THREE  TO  ElGHTV 

Months  after  Operation 

Case  69825. — H.  M.,  a  male,  aged  fifty-four  years.  Operation  July 
6,  1912:  Transperitoneal  resection  of  the  left  one-third  of  the  bladder 
with  transplantation  (intravesical)  of  left  ureter.  Cystoscopic  examina- 
tion was  made  eight  months  after  the  operation  and  showed  no  recur- 
rence. In  a  letter  received  sixty-four  months  after  the  operation  the 
patient  stated  that  there  were  no  symptoms.  There  bad  been  no 
subsequent  treatment. 

Case  861ftl.— Mrs.  T.  B.,  aged  fifty  years.  Operation  June  25, 1913; 
Resection  of  right  one-half  of  the  bladder  with  intravesical  transplanta- 
tion of  the  right  ureter.     A  cystoscopic  examination  made  forty-six 
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months  after  showed  no  recurrence.  In  a  letter  in  fifty-three  months 
the  patient  stated  that  there  were  no  subsequent  symptoms  and  there 
had  been  none. 

Case  80914. — Mrs.  J.  R.,  aged  forty  years.  Operation  Aprii  IS, 
1913:  Extraperitoneal  excision  with  cautery  for  papilloma.  A  cyslo- 
scopic  examination  four  months  later  revealed  a  recurrence.  Operation 
August  6,  1913:  Resection  of  right  one-half  of  the  bladder  with  intra- 
vesical transplantation  of  the  right  ureter.  Cystoscopic  examination 
forty-two  months  after  the  second  operation  showed  no  recurrence.  In 
a  letter  forty-three  months  after  operation  it  was  stated  that  there  were 
no  symptoms. 

Case  104235.— J.  A.  W.,  a  male,  aged  fifty  years.  Operation  May  I, 
1914:  Extraperitoneal  excision  with  cautery  of  one  lai^  papilloma 
from  the  left  meatus  and  one  small  papilloma  from  above  the  urethra. 
Cystoscopic  examination  twelve  months  after  the  operation  showed  oo 
recurrence.  In  a  letter  forty-two  months  after  operation  it  was  stated 
there  were  no  symptoms. 

Case  110208. — I.  U.,  a  male,  aged  sixty-four  years,  Operation  July 
27,  1914:  Excision  with  cautery  of  the  left  one-third  of  the  bladder- 
wall.  Cystoscopic  examination  ten  months  later  showed  no  recurrence. 
In  a  letter  forty  months  after  operation  it  was  stated  that  there  were 
no  symptoms. 

Case  111047.— F.  K.,  a  male,  aged  forty  years.  Operation  July  27, 
1914;  Excision  with  cautery  of  multiple  papilloma  of  the  bladder. 
Cystoscopic  examination  twenty-nine  months  later  showed  no  recur- 
rence. A  letter  was  received  forty  months  after  operation,  in  which  it 
was  stated  that  there  were  no  symptoms. 

Case  130930. — J.  P.  J.,  a  male,  aged  forty-three  years.  Operation 
May  22,  1915;  Excision  with  cautery  of  papillary  carcinoma  of  the  left 
wall  of  the  bladder.  Cystoscopic  examination  twenty-four  months  later 
showed  no  recurrence.  In  a  letter  received  thirty  mouths  after  opera- 
tion it  was  stated  that  there  were  no  symptoms. 

Case  129025. — Mrs.  R.  D.  B.,  aged  forty-four  years.  Operation 
April  23, 1915:  Excision  with  cautery  of  a  tumor  two  inches  in  diameter 
of  the  posterior  wall  of  the  bladder.  Cystoscopic  examination  four 
months  later  showed  no  recurrence.  In  a  letter  thirty-one  months  after 
operation  the  patient  stated  that  she  had  no  symptoms. 

Case  142875. — Mrs.  I.  G.,  aged  forty-six  years.  Operation  August 
16,  1915:  Transperitoneal  excision  of  a  tumor  of  the  left  wall  of  the 
bladder.  Cystoscopic  examination  in  eight  months  showed  no  recur- 
rence. In  a  letter  twenty-seven  months  after  operation  it  was  stated 
that  there  were  no  symptoms. 

Case  164075.^ — Mrs.  C.  N.,  aged  fifty-four  years.     Operation  July  3, 
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1916:  Extraperitoneal  excision  with  the  cautery  of  a  carcinoma  of  the 
base  of  the  bhidder.  A  cystoscopic  examination  in  three  months  showed 
no  recurrence.  In  a  letter  received  sixteen  months  later  the  patient 
stated  that  she  had  no  symptoms  except  pain  at  times  after  voiding. 

Case  163712.^ — H.  P.  J.,  a  male,  aged  sixty-nine  years.  Operation 
July  11,  1916:  Extraperitoneal  resection  of  one-third  of  the  mucous 
membrane  of  the  right  wall  of  tbe  bladder  and  transplantation  of  the 
right  ureter  (intravesical) .  A  cystoscopic  examination  in  fifteen  months 
showed  no  recurrence.     (Note  page  186.) 

Case  113205. — R.  N,  A.,  a  male,  aged  sixty-two  years.  Operation 
September  3,  1914:  Extraperitoneal  excision  with  cautery  of  a  pedun- 
culated papilloma  of  the  bladder.  Cystoscopic  examination  in  eighteen 
months  revealed  no  recurrence.  In  a  letter  thirty-eight  months  after 
operation  be  stated  that  he  had  no  symptoms. 

Abstracts  of  the  Histories  in  the  14  Cases  in  which  there  were 

Recurrences  after  Operations  and  the  Recurrences 

were  Fulgurated 

Case  68692. — H.  G.,  a  male,  aged,  sixty-three  years.  Operation 
June  4,  1912:  Tranajwritoneal  excision  with  cautery  of  a  growth  at  the 
trigone.  Operation  was  done  nineteen  months  later  for  a  recurrence, 
at  which  time  a  transperitoneal  excision  of  the  growth  was  made  with 
the  cautery,  Cystoscopic  examination  six  months  later  showed  no 
recurrence.  Cystoscopic  examination  in  eleven  months  showed  a  small 
recurrence  which  was  fulgurated.  The  patient  was  cystoscoped  again 
in  twenty-six  months,  at  which  time  a  second  recurrence  was  fulgurated. 
He  was  cystoscoped  in  sixty  months,  but  no  recurrence  was  found.  In 
a  letter  in  sixty-five  months  he  stated  that  be  had  no  symptoms. 

Case  95746. — J.  W.  H.,  a  male,  aged  fifty-six  years.  Operation 
November  22,  1913:  Extraperitoneal  excision  of  one-third  of  the  right 
wall  of  the  bladder  and  of  part  of  the  urethra,  with  intravesical  trans- 
plantation of  tbe  right  ureter.  Cystoscopic  examination  was  made 
elsewhere  every  three  months.  No  recurrence  was  found  for  thirty-one 
months,  when  three  small  papillomas  were  found  and  fulgurated.  He 
has  had  repeated  cystoscopic  examinations  since  that  time,  but  no 
recurrence  has  been  found.  In  a  letter  forty-eight  months  later  the 
patient  stated  that  there  were  no  symptoms. 

Case  235351. — M,  T.  R..  a  male,  aged  sixty-Bve  years.  Operation 
Mareb  5,  1915:  Extraperitoneal  excision  with  cautery  of  a  large  papil- 
loma. Operation  again  August  31, 1915 :  Extraperitoneal  excision  and 
cautery  of  two  small  papillomas  of  the  left  wall  of  the  bladder  (recur- 
rence). Twelve  months  later  fulguration  of  a  suspicious  area  was  done. 
In  a  letter  in  thirty-two  months  it  was  stated  that  the  patient  had  no 
symptoms  except  some  frequency  at  night. 
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Case  149248. — L.  T.,  a  female,  aged  nineteen  years.  (Note  page 
185.) 

Case  102695. — Mrs.  F.  J.  H.,  aged  fifty-six  years.  Operation  March 
25,  1914:  Extraperitoneal  excision  and  extensive  cauterization  of  a 
papillary  carcinoma  of  the  right  bladder-wall.  Cystoscopic  examinations 
six  months  and  twenty-six  months  aft«r  operation  showed  no  recurrence. 
A  recurrent  growth  was  fulgurated  thirty-nine  months  after  the  first 
operation.  In  a  letter  forty-four  months  later  the  patient  stated  that 
she  had  no  symptoms. 

Case  100111. — A.  H.  N.,  a  male,  aged  fifty-three  years.  Operated 
on  elsewhere  six  months  before.  Operation  for  recurrence  February  7, 
1914:  Resection  of  the  right  one-third  of  the  bladder  and  cautery 
applied.  Operation  November  5, 1914 :  Transperitoneal  resection  with 
cautery  for  recurrence.  Cystoscopic  examination  six  months  and  ten 
months  later  showed  no  recurrence.  A  cystoscopy  was  done  in  thirteen 
months,  at  which  time  a  recurring  growth  was  fulgurated.  The  patient 
was  cystoscoped  again  in  twenty-seven  months,  with  subsequent  fulgu- 
ration  for  recurrence.  He  was  again  cystoscoped  in  thirty-nine  months, 
when  a  suspicious  area  was  fulgurated. 

Case  119472.— J.  H.  H.,  a  male,  aged  thirty  years.  Operation 
December  21,  1914:  Extraperitoneal  excision  with  cautery  of  multiple 
papillomas.  The  patient  was  cystoscoped  five  months  later  and  a  small 
recurrent  growth  was  fulgurated.  He  was  cystoscoped  again  in  fourteen 
months,  and  a  second  recurrence  found  and  fulguration  done.  In  the 
nineteenth  month  radium  was  applied  because  of  a  third  recurrence. 
Cystoscopic  examination  in  twenty-two  months  showed  no  recurrence. 

Case  77917. — W.  J.,  a  male,  aged  forty  years.  Operation  January 
fl,  1913:  Extraperitoneal  excision  and  cautery  of  pedunculated  papil- 
loma. Cystoscopic  examination  in  nine  months  showed  no  recurrence. 
Cystoscopic  examinations  were  made  fourteen,  thirty-eight,  and  fifty-one 
months  later,  and  recurring  growths  were  fulgurated.  In  a  letter  in 
fifty-eight  months  it  was  stated  that  there  were  no  symptoms. 

Case  63897. — Mrs.  H.  0.  S.,  aged  thirty-one  years.  Operation 
February  14,  1912:  Transperitoneal  excision  and  cautery  of  multiple 
papillomas.  Recurrence  and  operation  August  19,  1913:  Excision 
and  cautery  of  one-third  of  the  mucous  membrane  for  multiple  papil- 
lomas. Cystoscopic  examination  in  thirty  and  forty-seven  months 
revealed  recurrences  and  fulguration  was  done.  Cystoscopic  examina- 
tion in  sixty-six  months  revealed  no  recurrence. 

Case  58518. — O.  H.,  a  male,  aged  fifty-two  years.  Operation 
September  13,  1911:  Resection  with  cautery  of  extensive  papillomas 
involving  left  meatus,  trigone,  and  dome.  The  patient  was  entirely 
well  for  sixty-two  months,  when  there  was  frequency  with  blood-clots. 
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Cystoscopic  examination  revealed  a  recurrence  at  this  time  and  fulgura- 
tion  was  done.  Cystoscopic  examination  sixty-five  and  seventy-two 
months  after  the  first  operation  did  not  show  recurrence. 

Case  106475. — H.  K.  A.,  a  male,  aged  sixty-two  years.  Operation 
May  29,  1914:  Extraperitoneal  excision  with  eatery  of  papillary 
carcinoma  of  the  right  wall  of  the  bladder.  Cystoscopic  examination  in 
nineteen  months  showed  a  recurrence,  and  fulguration  was  done.  Cysto- 
scopic examination  in  forty  months  showed  no  recurrence,  but  a  sus- 
picious area  which  was  fulgurated. 

Case  47732, — J,  W.  M.,  a  male,  aged  forty-nine  years.  Operation 
January  10,  1911:  Transperitoneal  cautery-dissection  of  a  papilloma- 
tous growth  of  the  base  and  the  right  wall  of  the  bladder.  The  prostate 
was  removed  at  this  time.  The  patient  was  cystoscoped  elsewhere 
every  three  months,  but  do  recurrence  was  found  for  sixty-three  months, 
when  three  small  growths  were  fulgurated.  Cystoscopic  examination 
in  eighty  months  revealed  no  recurrence. 

Case  171792.— Mrs.  J.  A.,  aged  fifty-seven  years.  Operation 
September  8,  1916:  Transperitoneal  resection  of  one-fourth  of  the  left 
wall  of  the  bladder.  Operation  August  19,  1917:  Transperitoneal 
resection  of  one-third  of  the  left  wall  of  the  bladder  for  recurrence  and 
transplantation  of  the  left  ureter  (intravesical).  A  cystoscopic  examina- 
tion was  made  in  eleven  months;  a  recurrence  was  found  and  fulgurated. 

Case  181*30. — J.  L.  K,,  a  male,  aged  fifty-six  years.  Operation 
December  31,  1910:  Extraperitoneal  excision  and  cautery  for  multiple 
papillomas  of  the  bladder.  Cystoscopic  examination  made  in  eleven 
months  did  not  reveal  recurrence. 
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Exstrophy  of  the  bladder  is  a  rare  congenital  malformatioD;  it  is 
reported  by  NeudSrfer  as  occurring  once  in  50,000  births.  The  anomaly 
is  probably  occasioned  by  variations  of  the  salts  in  the  amniotic  fluid 
surrounding  the  embryo.  It  is  one  of  the  most  serious  malformations, 
as  approximately  one-half  of  those  suffering  from  it  die  during  the  first 
ten  years  of  life,  and  the  great  majority  are  dead  before  they  are  forty. 
The  condition  is  very  distressing,  from  the  tenderness  and  the  difficulty 
of  protecting  the  protruding  bladder,  the  constantly  dribbling  urine 
requiring  much  absorptive  dressing  or  an  equally  foul-smelling  receptacle, 
which  leads  such  persons  to  shun  society.  Associated  defects  are 
epispadias  in  the  mate,  an  absence  of  the  anterior  pubic  bone  in  all  cases, 
and  an  apparent  absence  of  the  umbilicus,  which  becomes  the  upper 
margin  of  the  mucocutaneous  juncture,  the  urachus  being  absent.  In 
the  case  of  a  child  of  five  in  whom  exstrophy  was  the  result  of  assault 
it  was  asserted  that  the  pubic  bone  later  disappeared  causing  the  con- 
dition to  resemble  congenital  exstrophy."  The  lack  of  the  pubic  arch 
makes  the  pelvis  apparently  wider,  and  the  sacro-iliac  joints  become 
fixed  early.  In  the  female  procreation  is  possible.  Winslow  has  re- 
ported the  condition  in  a  woman  who  had  given  birth  to  four  children 
(Fig.  71). 

The  various  measures  for  improving  the  condition  are  plastic  skin 
covering  or  closure  of  tlie  bladder  mucosa.  This  method  was  highly 
developed  by  Roux  in  1852,  and  has  been  variously  modified  since  by 
Thiersch,  N^laton,  Wood,  and  others.  The  great  defect  by  the  plastic 
closure  methods  came  from  the  necessity  of  using  hair-growing  skin, 
which  later  accumulates  lime  deposit  and  adds  to  the  foulness  of  the 
uncontrolled  bladder.     Passavant  aided  the  closure  by  compressing  the 

*  Presented  before  the  Tri-Sutc  Medicftl  Society,  Dubuque,  Imra.  Sept.  6,  1917. 
Reprint«l  from  the  Join.  Am.  Med.  Assn.,  1917,  lnix,  i07»-iOM. 
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half-formed  pubic  arches,  and  Koch,  Ktinig,  and  others  made  sub- 
cutaneous section  of  the  bony  arches.  Trendelenburg  added  to  this 
method  the  partial  separation  of  the  sacro-iliac  joint  to  more  nearly 
approximate  the  pubic  arches  over  the  bladder.  The  septic  uncon- 
trolled pouches  formed  by  these  operations  made  it  possible  to  wear 
some  sort  of  drainage  apparatus  in  which  a  portion  of  the  urine  could 
be  accumulated,  but  the  danger  of  diseased  kidneys  from  ascending 
infection  was  actually  increased.  Additional  methods  of  treatment 
were  devised  by  Subbotin  and  Lerda,  who,  before  closing  the  bladder. 


Fi(.  T1.— Eulnitihy  of  bliddrr  in  tbe  tmalc;  «|»Kd  tnutru  wilb  urctFral  npFniiwi. 

tunneled  a  space  between  the  sphincter  ani  and  the  rectal  mucosa  and 
drew  through  it  a  folded  strip  of  bladder-wall  as  a  tube,  the  anal  sphinc- 
ter closing  the  new  urethra  as  well  as  the  anus.  The  operative  mortality 
in  these  ca^s  was  25  per  cent,  and  the  bladder  still  remained  a  septic  sac. 
Another  method  for  the  relief  of  the  deformity  was  to  construct 
other  closed  cavities  to  serve  as  a  bladder.  Gersuny  separated  a  loop 
of  bowel  and  after  establishing  the  continuity  of  the  alimentary  canal, 
brought  the  lower  end  of  the  loop  through  a  tunnel  opening  within  the 
anal  sphincter,  as  in  the  Subbotin  method,  the  ureters  being  inserted 
into  the  upper  end  of  the  loop,  which  also  developed  a  septic  tank.  The 
'17—13 
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operation  of  Makkas  developed  a  bladder  from  the  cecum.  The  ileum 
was  divided  at  the  ileocecal  valve,  which  was  closed  on  the  cecal  aide, 
the  ascending  colon  divided  and  both  ends  closed,  and  the  ileum  joined 
end-to-side  in  the  upper  segment  of  the  ascending  colon.  The  appendix 
was  brought  through  the  abdominal  wall  as  an  appendicostomy,  the 
new  bladder  being  emptied  at  regular  intervals  by  a  catheter  passed 
through  the  appendix,  This  operation  was  performed  in  I&IO.  I  saw  his 
patient  two  years  afterward.  At  that  time  the  ureters  were  enormously 
dilated  from  the  cecum  to  the  kidneys,  and  the  new  bladder  was  septic. 
The  cloaca  of  birds  was  looked  on  as  a  solution  of  the  problem.  The 
ureters  were  joined  to  the  sigmoid  or  rectosigmoid  and  the  rectum  was 
utilized  as  both  a  fecal  and  urinary  receptacle.  The  high  mortality  of 
this  method  showed  a  necessity  for  improvement  in  technic,  but  the 
control  was  good.  To  avoid  ascending  infection  and  dilatation  of  the 
ureters  the  sigmoid  was  divided,  the  proximal  sigmoid  joined  end-to-side 
into  the  rectosigmoid,  and  the  ureters  inserted  into  the  upper  end  of 
the  distal  sigmoid.  While  the  feces  did  not  flow  over  the  ends  of  the 
ureters  directly,  the  gas,  fluids,  and  bacteria  could  not  be  prevented 
from  causing  infection  and  there  was  but  Uttie  improvement  in  the 
mortality.  Other  methods  were  to  insert  the  right  ureter  into  the 
appendix  and  the  left  into  the  sigmoid,  but  with  these  also  there  was 
ascending  infection  of  the  kidneys. 

The  next  modification  was  to  preserve  the  small  openings  of  the  ureters 
as  they  passed  through  the  walls  of  the  bladder,  in  the  belief  that  this 
mechanism  was  nature's  safeguard  against  infection.  The  Maydl  opera- 
tion, developed  in  1892,  removed  the  base  of  the  bladder  with  the  ureters 
attached  and  inserted  the  reversed  segment  into  an  incision  in  the  ante- 
rior wall  of  the  rectum.  The  operation  is  performed  extraperitoneally 
and  has  been  done  transperitoneally.  -In  the  male  it  is  not  difficult,  but 
in  the  female  it  is  complicated.  By  this  method  Russian  surgeons  report 
a  mortality  of  32  per  cent,  Orlow  a  mortality  of  17  per  cent  in  61  cases, 
and  Drucbert  a  mortality  of  27  per  cent  in  81  cases,  within  fifteen  days  of 
the  operation.  We  operated  on  3  patients  by  this  method  and  2  died. 
Moynihan  uses  a  larger  area  of  the  bladder  in  the  Maydl  operation, 
thus  greatly  increasing  the  rectal  capacity.  Sherman's  work  with 
Peter's  modification,  based  on  the  belief  that  the  protection  is  in  the 
small  orifice  of  the  ureter,  was  to  dissect  the  ureter  out  of  the  bladder, 
retaining  the  mucus-covered  ends  intact,  and  to  transplant  them  into 
the  rectum. 
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It  is  true  that  nature's  method  of  emptying  a  duct  is  always  by 
indirection;  thus  the  salivary  ducts,  the  common  duct  of  the  liver,  and 
the  ureters  pass  through  the  muscularis  and  continue  for  a  distance 
hetween  the  mucous  membrane  and  the  firmer  outer  wall  of  the  cavity. 
Pressure  from  within  compresses  the  ducts  and  blocks  against  dilatation 
and  ascending  infection.  The  fact  seemingly  was  not  recognized  that 
the  mechanical  principle  of  the  passage  of  the  ureter  through  the  wall  of 
the  bladder  and  its  mucosa  could  not  be  retained  after  the  loss  of  its 
innervation.  The  surgical  principle  of  such  duct  entrances  is  recognized 
in  the  Witzel  operation  of  gastrostomy  and  enterostomy,  in  which 
leakage  is  prevented  by  the  tunnel  made  by  folding  the  wall  of  the 
stomach  or  bowel  over  the  tube  for  Ij^  inches.  The  Stamm-Kader 
method  accomplishes  the  same  thing  by  a  series  of  purse-strings,  a  funnel 
entrance  being  made  into  the  viscus. 

The  secret  of  successfully  anastomosing  the  ureter  into  the  bowel 
is  to  tubularize  the  ureteral  entrance  for  l}4  inches.  There  are 
two  methods  of  doing  this.  Stiles  followed  the  plan  of  the  Rus- 
sian and  Polish  surgeons  of  passing  the  ureter  into  the  intestine 
through  a  small  opening,  and  depressing  it  into  the  bowel,  which 
is  folded  over  it,  the  folds  being  held  by  suture;  the  mechanism  then 
consists  of  the  ureter  surrounded  by  the  whole  thickness  of  the  wall 
of  the  intestine— the  Witzel  method.  Coffey's  modification  was  first 
developed  for  the  treatment  of  obstruction  of  the  common  duct  of  the 
liver  by  uniting  it  with  the  duodenum,  and  has  proved  most  efficient 
for  ureteral  transplantation.  It  does  not  narrow  the  lumen  of  the 
intestine,  and  is  carried  out  as  follows:  The  peritoneum  and  muscularis 
are  incised  lonptudinally  for  V/i  to  1^  inches,  down  to  the  mu- 
cous membrane,  but  not  through  it.  The  incision  is  best  made  in 
the  firmer  longitudinal  bands  of  the  wall  of  the  sigmoid.  The  ureter  is 
exposed  by  an  incision  in  the  peritoneum  in  the  posterior  pelvic  wall, 
and  is  isolated  to  within  1  or  IH  inches  of  the  bladder,  where  it  is 
divided  and  the  distal  end  ligated.  FVom  2H  to  S  inches  of  the  ureter 
are  separated,  the  posterior  peritoneal  incision  is  closed  by  suture  to 
the  point  where  it  emerges,  the  lower  end  of  the  ureter  is  split  for  !4 
inch,  a  curved  needle  with  chromic  catgut  is  passed  through  the  end, 
the  catgut  tied,  and  the  short  end  of  the  thread  cut. 

The  mucous  membrane  in  the  lower  end  of  the  incision  in  the  wall  of 
the  intestine  is  now  perforated  into  its  lumen.  In  preparing  for  this,  and 
to  prevent  contamination  of  the  wound,  a  large,  curved,  rubber-covered 
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clamp  is  used  to  hold  the  bowel  in  position,  and  the  union  is  made 
within  the  curve  of  the  clamp.  The  curved  needle  on  the  catgut  attached 
to  the  end  of  the  ureter  is  passed  into  the  lumen  of  the  bowel  through  the 
small  opening,  and  out  of  the  wall  of  the  bowel  J-^  inch  below  it.  Draw- 
ing the  chromic  catgut  suture  pulls  the  end  of  the  ureter  into  the  lumen 
of  the  bowel.  The  needle  is  then  passed  once  through  the  peritoneum 
and  muscularis  in  order  that  the  catgut  may  be  tied  to  hold  the  ureter 
fixed  within  the  wall  of  the  intestine.  The  sides  of  the  incision  in  the 
outer  wall  of  the  bowel  are  closed  over  the  ureter,  the  needle  including 
its  outer  tissue  in  two  or  three  sutures.     A  second  row  of  peritoneal 


sutures  is  placed  over  this,  extending  down  over  the  tied  knot  of  the 
fixation  suture,  which  holds  the  ureter  in  place  (Figs.  72  and  73).  This 
gives  the  ureter  a  natural  duct  entrance.  The  slightest  pressure  from 
within  closes  the  duct,  but  not  sufiSciently  to  prevent  the  delivery  of 
urine  by  the  automatic  and  intermittent  waves  of  contraction  occurring 
about  six  to  eight  times  a  minute  during  the  period  of  activity. 

The  abdominal  incision  for  the  work  is  a  low  lateral  pelvic  incision, 
and  is  best  made  on  the  right  side  first.  As  the  sigmoid  naturally  passes 
to  the  left  it  can  always  be  reached,  while  if  the  incision  is  made  on  the 
left  side  first,  the  slack  bowel  may  have  entirely  disappeared  from  the 
attachments  of  the  former  operations.     The  intestine  is  held  by  a  few 
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sutures  to  the  posterior  peritoneum,  so  as  to  cover  the  ureteral  entrance. 
It  is  best  to  do  but  one  side  at  the  first  operation,  as  the  urine  is  absorbed 
from  the  large  bowel,  a^  in  a  Murphy  drip.  Tolerance  is  soon  acquired, 
however,  and  the  slight  uremic  mental  apathy  disappears  in  a  week. 
The  second  ureter  may  be  transplanted  with  no  trouble  in  from  one  to 
two  weeks  after  the  first  operation.  A  small  tube  may  be  kept  in  the 
rectum  for  the  first  few  days  unless  it  adds  to  the  discomfort.  Usually 
at  once  or  at  least  within  a  few  days  the  urine  will  be  passed  at  mod- 
erately frequent  intervals. 

The  right  half  of  the  colon  is  the  absorbing  side  of  the  intes- 


tine. Little  work  is  done  by  the  lymphatics,  nearly  all  absorp- 
tion being  by  osmosis,  and  the  fluids  are  taken  by  the  portal  cir- 
culation to  the  liver.  It  is  not  good  judgment  to  use  the  right  side 
of  the  colon  for  an  anastomosis.  Experimental  work  recently  reported,' 
in  which  it  was  hoped  that,  by  utilizing  a  natural  duct  entrance  into  the 
intestine,  ascending  infection  could  be  avoided,  showed  that  one  ureter 
could  be  passed  through  the  duct  of  Santorini  and  the  absorption  of  the 
urine  from  one  kidney  would  not  give  marked  symptoms,  though  when 
the  second  ureter  was  inserted,  the  animals  died  from  uremia.  This 
was  also  shown  in  Connell's  experiments,  in  which  the  small  intestine 
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was  used.  Therefore  we  must  keep  to  the  large  bowel,  and  preferably 
to  its  lower  end.  Transplanting  the  ureters  is  advisable  in  the  few  cases 
in  which  extensive  destruction  of  the  base  of  the  bladder  and  urethra 
have  occurred  following  childbirth. 

Children  should  be  old  enough  to  be  able  to  attend  to  their  own 
needs;  that  is,  from  three  and  one-half  to  five  years  of  age.  In  early  life, 
also,  there  may  be  defects  in  the  innervation  of  the  rectum,  and  if  pro- 
lapse of  the  rectum  accompanies  the  exstrophy,  this  condition  must  be 
overcome  by  time  or  by  operation  before  the  cloacal  condition  is  insti- 
tuted. After  the  age  of  forty  it  is  probable  that  ureteral  anastomosis 
with  the  skin  in  the  back  is  best  from  the  standpoint  of  low  mortality 
and  future  length  of  life.  In  this  position  receptacles  can  be  readily 
adjusted  for  the  collection  of  urine.  The  report  of  the  cases  mentioned 
below  reveals  the  important  fact  that  after  operation  these  children 
were  able  to  go  to  school  and  receive  an  education,  which  was  impossible 
in  their  former  state.  The  older  ones  are  all  working.  One  young 
woman  has  taken  a  three-year  course  in  nurse's  training,  and  a  year 
ago  passed  through  an  attack  of  erysipelas  without  bad  results. 

Since  1896  we  have  seen  37  patients  with  exstrophy  of  the  bladder. 
Fifteen  of  these  were  not  operated  on  at  the  time  of  their  examination, 
some  were  too  young  to  be  operated  on,  and  the  others  expected  to 
return  for  operation.  Six  patients  were  operated  on  by  the  plastic 
method.  One  died  six  months  later  (traumatic  exstrophy  at  childbirth; 
the  child  weighed  \i.5  pounds).  The  plastic  operations  did  not  afford 
control  of  the  urine.  Three  patients  were  operated  on  by  the  Maydl- 
Moynihan  method,  and  two  died  in  the  hospital  of  uremia.  Thirteen 
were  successfully  operated  on  by  the  transplantation  method,  with  one 
operative  death.  One  died  from  pneumonia  a  few  weeks  after  leaving 
the  Clinic.  One  died  three  years  after  operation  from  pulmonary  tuber- 
culosis, and  one  three  years  after  operation  from  typhoid  fever. 
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STUDIES  IN  THE  TRANSPLANTATION  OF  WHOLE 
ORGANS 

I.  AUTOTRANS PLANT  OF  THE  LEFT  KIDNEY  TO  THE 
NECK,  WITH  RIGHT  NEPHRECTOMY,  IN  THE  DOG* 

C.  DEDERER 


The  following  experiments  were  undertaken  to  perfect  the  technic 
of  organ  transplantation  with  reestablish ment  of  circulation  and  func- 
tion. The  neck  was  chosen  for  the  site  of  the  transplant,  because  here 
the  excretion  can  be  readily  observed  and  collected. 

The  first  experiments  in  transplanting  the  kidney  to  the  neck  were 
done  by  UUman,  who  in  1902  performed  the  operation  in  a  dog.  It 
was  later  tried  by  Carrel,  Carrel  and  Guthrie,  Floresco,  and  Borst  and 
Enderlen.  Of  these  experiments,  the  most  successful  was  that  by 
Floresco,  who  obtained  a  functioning  transplant  which  excreted  bloody  , 
urine  for  eight  days.  The  kidney  was  removed  on  the  ninth  day  be- 
cause of  necrosis.  Floresco  contributed  much  to  the  subject  by  dis- 
covering the  destructive  effect  of  perfusing  transplants  with  saline 
solutions.  Guthrie  has  also'  laid  great  stress  upon  this  point.  In  1910 
Villard  and  Tavemier  attempted  the  operation  with  more  success. 
They  obtained  a  functioning  transplant  which  remained  in  the  neck  for 
sixty-eight  days,  but  without  removal  of  the  other  kidney. 

Technic 

Abdominal  and  cer\'ical  incisions  are  made  simultaneously.     The 

assistant  exposes  the  kidney,  while  the  cervical  vessels  are  being  cleaned 

of  their  outer  fibrous  coats.     The  renal  artery  and  vein  and  the  ureter 

are  freed,  cleared,  and  sectioned.     The  vessels  are  emptied  of  blood  and 

washed  with  liquid  petrolatum  from  a  bulb  syringe.     The  vessels  are 

sutured  with  prepared  raw  silk  threaded  on  No.  16  needles.  Murphy 

*  PresEDlpd  belorc  the  joint  meeting  of  the  Olmstead  County,  Minnesota.  Medic*] 
Association  and  the  Mayo  Clinie,  Rochester,  May  23,  1D17.  Reprinted  Trom  Jour.  Am. 
Med.  AMa.,  1S18,  Ixx.  0-9. 
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plain  "over  and  over"  stitch  with  Carrel  stay-sutures  and  dark  back- 
ground being  used.  The  ureter  is  led  through  a  small  separate  wound 
in  the  skin.  The  wounds  are  sutured  with  linen.  Collodion-gauze 
dressing  is  used.  The  ureter  is  covered  with  a  wet  dressing  of  neutral 
solution  of  chlorinated  soda.  Fig.  74  shows  some  of  the  details  of  the 
technic. 

In  these  experiments  there  were  five  partial  successes  before  com- 
plete success  was  obtained : 

TABLE  1.— DETAILS  OF  EXPERIMENT 


DAT.  OF 

^ 

-^;x. 

oS:z. 

ClBTULATION 

FCNC- 

RrxAuu 

3/ia/i7 

3/30/17 

B870 
B919 

243 
311 

3  hours 
ieo  minutes 
2  hours 

e  hours 
41  minutes 
2houn 
81  minutes 

Not   re- 
corded 
44  minutes 

None 

None 

reeovered.) 

V  6/17  ■ 
4/13/17 

B»3e 
B949 

333 
345 

54  minutea 

57  minutes 

None 
6  days 

Peritonitis  from  tearing 
apart  transverse  wound. 

Pyelitis  of  the  transplant; 
foreign  body  in  the  rec- 
tum:  distemper;    pneu- 

4/S0/17 

B960 

3J6 

e  hours 
15  minutes 

43  minutes 

2  days 

Renal  lein  anastomosed 
to  the  infenor  thyroid 

5/  a/17 

B976 

3B8 

Ihour 
41  minutes 

32  minutes 

4moa. 
Iday 

see  Protocol. 

Comment 
The  fourth  experiment  furnished  some  interesting  data.  Twelve 
days  after  the  transplantation  a  catheter  was  placed  in  the  bladder  and 
a  ureteral  catheter  in  the  ureter  of  the  transplanted  kidney.  One  cubic 
centimeter  of  phenolsulphonephthalein  was  injected  into  one  saphenous 
vein.  In  four  minutes  the  phenolsulphonephthalein  appeared  in  the 
urine  from  the  transplanted  kidney.  In  the  first  hour  17  c.c.  of  urine 
were  collected  from  the  transplanted  kidney  and  17  c.c.  from  the  bladder. 
The  specimen  from  the  transplant  contained  1.44  per  cent  of  the  phenol- 
sulphonephthalein. In  the  second  hour  the  transplanted  kidney  ex- 
creted 13.5  c.c.  of  urine  with  a  trace  of  phenolsulphonephthalein,  while 
only  12  c.c.  were  obtained  from  the  bladder.  The  urine  from  the 
bladder  showed  no  phenolsulphonephthalein  during  the  first  two  hours. 
On  one  occasion  the  end  of  the  ureter  was  seen  to  move  during  contrac- 
tion.    Specimens  from  this  dog  are  shown  in  Figs.  75,  76,  and  77. 
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Figure  76  shows  the  second  cervical  nen-e  after  it  had  been  disseotai 
away  from  the  new  perirenal  tissues,  in  which  it  spread  out  in  all 
directions. 


Protocol  of  Suc'cessfll  Experiment 
Experiment  388   (Dog  B97fl). — An   adult,  female,   mongrel  fos- 
terrier,  weighing  8.6  kilos,  with  short  hair,  was  operated  on  May  2,  '9''- 

8.58  A.  M. :   Intratracheal  ether  anesthesia  was  begun. 
Incision  was  made. 

Vessels  of  the  neck  were  clamped  off  with  Crile  clamps 
Renal  vessels  were  clamped. 
Circulation  was  reestablished  through  the  kidoey. 
Last  stitch  was  taken  in  the  wound. 
Anesthesia  was  stopi>ed. 


9.15  a 

M. 
M. 

9.40  a 

M. 

9.48  a 

M. 

10.20  A 

M. 

10.56  A 

M. 

11.05  a 

M. 
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Fig.  7«.— (DogBMO.)     Branch™  c(  MTond  ccrvic.l  nen-r -hich  havf  hecomf  mlimottly  .lUchnl  to  .  DMrly 
faring  outer  cpptule.    Enlvgrd  about  two  diamrtm. 
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Fig.1g.— (DogNBTS.!    Tontyfour  honn  iftFriiftht  nrphnctony. 


—(Dog  BSTB.)     Thm  moDlhi  ■■ 
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Conclusions 

1.  It  is  possible  for  a  dog  to  remain  alive  and  in  good  health  more 
than  four  months  after  the  transplantation  of  one  kidney  to  the  neck, 
even  when  the  remaining  kidney  is  removed  two  weeks  after  the  trans- 
plantation. 

2.  After  the  transplantation  of  a  kidney  with  its  ureter  the  ureter 
may  be  seen  to  move  when  contracting  during  excretion, 

3.  The  ureter  in  a  renal  transplant  may  have  the  power  to  squirt 
the  urine  away  from  the  animal  by  periodic  contractions. 

4.  Phenolsulphonephthalein  may  return  in  four  minutes  from  a 
transplanted  kidney. 

5.  Many  branches  from  the  second  cer\'ical  nerve  may,  in  seventeen 
days,  become  intimately  incorporated  in  the  perirenal  tissues  of  a  cervi- 
<^'b1  renal  transplant. 

6.  The  quantity  of  urine  from  a  cervical  renal  transplant  is  markedly 
increased  after  the  removal  of  the  other  kidney. 

7.  The  neck  is  a  favorable  site  for  the  observation  of  an  experiment- 
ally transplanted  kidney  and  its  excretion. 
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SUPERNUMERARY  AND  SINGLE  URETERS 
OPENING  EXTRAVESICALLY* 


The  ureter  arises  as  a  process  from  the  posterior  wall  of  the  lower 
end  of  the  Wolffian  duct.  Its  distal  end  divides  normally  into  two 
branches,  which  grow  into  the  blastoma  of  the  kidney.  Each  branch 
then  divides  and  subdivides  and  forms  the  straight  and  uriniferous 
tubules  and  calyces.  Early  in  embryonic  life  the  proximal  end  of  the 
ureter  opens  into  the  lower  end  of  the  Wolffian  duct,  but  under  normal 
conditions,  at  about  the  sixth  week,  the  ureter  and  duct  separate  and 
open  separately.  If  the  ureter  does  not  become  detached  from  the  duct 
and  accompany  it  in  it^  downward  course,  the  ureteral  opening  may  be 
found  in  any  one  of  the  organs  developing  from  the  urogenital  sinus. 
If  the  Wolffian  duct  and  the  ureter  fail  to  shift  before  the  urorectal 
septum  forms  in  the  cloaca,  the  ureter  opens  into  the  rectum.  Appar- 
ently this  condition  is  very  rare;  I  have  not  been  able  to  find  it  men- 
tioned except  in  reports  of  fetuses  otherwise  abnormally  developed.  If 
the  ureter  continues  its  association  with  the  Wolffian  duct,  it  empties 
into  one  of  the  organs  developed  from  the  duct,  such  as  the  vas  deferens, 
seminal  vesicle,  ejaculatory  duct,  or  Gartner's  duct. 

Fumiss  has  reported  a  case  of  supernumerary  ureter  with  an  extra- 
vesical  opening.  He  abstracted  an  article  by  Hartmann,  of  Copenhagen, 
who  has  analyzed  37  cases  collected  from  the  literature,  14  of  which  were 
supernumerary.  In  these  37  cases  the  extravesical  openings  were  dis- 
tributed— 6  in  the  urethra,  8  in  the  vagina,  21  in  the  vestibule  of  the 
vagina,  and  2  in  Gartner's  duct.  Hartmann's  review  shows  that  the 
abnormal  opening,  whether  from  a  single  or  from  a  supernumerary  ureter, 
most  often  occurs  in  some  part  of  the  vagina.  In  such  cases  in  the 
embryo  the  ureter  maintains  its  connection  with  the  MuUerian  or 
Wolffian  duct.    However,  it  very  seldom  empties  into  the  Fallopian 


Digitizecov  Google 


URETERS  OPENING  EXTRA VESICALLT  209 

tube  or  uterus.     Such  abDortnalities  are  reported  to  have  been  found  in 
the  fetus  in  a  few  instances. 

If  the  ureter  does  not  become  separated  from  the  Wolffian  duct,  the 
opening  may  occur  in  the  urethra  or  in  the  vestibule  of  the  vagina,  and 
apparently  this  is  the  embryonic  abnormality  which  occurs  most 
frequently. 

It  is  possible  that  this  abnormality  is  much  more  common  than  we 
are  led  to  believe  from  the  cases  reported  in  the  literature,  and  may  be 
explained  by  the  fact  that  it  is  usually  very  difficult  to  make  a  diagnosis 
of  the  condition,  even  though  the  clinical  features  are  almost  always 
suggestive.  The  37  cases  reported  by  Hartmami  apparently  included 
all  the  cases  in  the  literature  at  that  time  (1913),  In  14  of  these  the 
opening  was  that  of  a  supernumerary  ureter;  in  the  remaining  23  the 
ureter  was  single  or  the  exact  condition  was  not  determined,  Fumiss 
also  abstracted  an  article  by  Hartmann,  of  Leipzig,  who  had  collected 
16  cases  of  positive  supernumerary  extravesical  ureters,  12  cases  of 
uncertain  supernumerary  extravesical  ureters,  and  7  cases  of  a  single 
ureter  opening  extravesically. 

Kelly  and  Burnam  describe  one  case  in  which  a  single  ureter  opened 
into  the  urethra;  five  other  observers  reported  cases  of  a  single  ureter 
opening  into  the  vagina,  and  three  reported  cases  of  supernumerary 
ureters  with  openings  in  the  vagina.  Peacock  reports  a  necropsy  on  a 
child  nine  months  old  that  had  four  ureters,  one  of  which  terminated 
in  the  vesicoprostatic  urethra, 

I  wish  to  add  to  the  cases  in  the  literature  reports  of  two  cases:  one 
in  which  a  single  ureter  opened  into  the  urethra,  and  one  in  which  the 
supernumerary  ureter  opened  into  the  vagina. 

A  clinical  history  of  constant  incontinence  of  urine,  associated  with 
periods  of  normal  urination,  suggests  the  existence  of  a  ureter  with  an 
opening  outside  the  bladder-sphincter.  Such  a  history  was  character- 
istic of  both  of  our  cases.  In  the  patient  having  a  supernumerary 
ureter  this  history  had  been  constant  from  birth  up  to  eighteen  years 
of  age,  at  which  time  she  was  operated  on  elsewhere  and  obtained  com- 
plete relief.  Her  symptoms  returned  six  years  later  during  her  first 
pregnancy,  although  the  incontinence  was  not  so  regular  or  typical  as 
it  had  been  previously.  For  several  days  and  sometimes  for  weeks  there 
would  be  no  leakage,  when  she  would  have  a  period  of  incontinence. 
Following  delivery  her  condition  improved  and  during  her  second  preg- 
nancy the  symptoms  returned  and  persisted  until  she  was  operated  on. 
'17—14 
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Our  second  case  was  that  of  a  girl  twenty-two  years  of  age.  The 
ureter  opened  into  the  urethra,  and  she  had  had  incontinence  as  long  as 
she  could  remember.  There  is  one  point  of  unusual  interest  in  the 
history  of  this  patient;  apparently  for  long  periods  there  would  be  no 
leakage  at  night  and  at  times  no  soiling  during  the  day.  We  were  unable 
to  explain  this  until  at  operation  a  greatly  dilated  and  thickened  ureter 
was  found,  which  seemed  to  indicate  that  it  had  been  obstructed  at 
times  and  that  there  was  considerable  infection  in  its  walls.  Infection 
was  naturally  to  be  expected  in  this  type  of  ureter,  in  spite  of  the  fact 
that  the  urine  collected  before  operation  showed  only  a  small  amount 
of  pus.  Soon  after  operation  a  large  amount  of  pus  was  found  in  the 
urine,  but  this  gradually  cleared  up.  Before  operation  the  patient  had 
three  attacks  of  acute  pain  in  the  right  side,  probably  due  to  an  inflamed 
appendix,  although  it  was  possibly  caused  by  the  infection  in  the  kidney 
and  ureter. 

In  addition  to  these  two  rases,  a  number  of  cases  of  urinary  inconti- 
nence have  been  treated,  especially  among  young  girls,  in  which  we  were 
not  able  to  determine  the  etiology.  In  some  the  condition  was  probably 
due  to  a  low-grade  inflammation  of  the  bladder,  obscure  nervous  dis- 
order, or  to  a  relaxed  bladder  sphincter,  very  uncommon  among  young 
unmarried  women.  It  is  also  possible  that  in  some  instances  the  incon- 
tinence was  due  to  a  ureter  with  an  extravesical  outlet,  although  the 
opening  could  not  be  located  at  the  time  of  the  examination.  In  our 
examinations  in  order  to  locate  the  abnormal  opening,  we  have  employed 
methods  very  similar  to  those  described  by  Fumiss. 

The  suggestion  of  a  single  ureter  is  substantiated  by  a  cystoscopic 
examination  which  shows  the  absence  of  the  other.  In  our  case  the 
ureter  was  located  very  close  to  the  bladder-sphincter,  but  it  could  be 
seen  distinctly.  Even  if  there  is  a  supernumerary  ureter,  the  cystoscopic 
examination  may  reveal  a  normal  bladder  with  normal  meatuses  and 
normally  functionating  kidneys,  as  in  one  of  our  cases.  If  an  extravesi- 
cal  opening  is  suspected  and  cannot  be  located,  we  have  found  it  help- 
ful to  place  pledgets  of  cotton  in  the  vagina  and  urethra  and  over  the 
meatus  of  the  urethra,  and  to  inject  subcutaneously  and  intravenously 
some  sort  of  dye  which  colors  the  urine  as  it  is  eliminated.  If  the  extra- 
vesical  opening  does  not  discharge  continuously,  it  may  be  necessary  to 
repeat  the  procedure  several  times. 

Treatment  consists  of  implanting  the  truant  ureter  into  the  bladder. 
This  has  been  done  in  several  ways,  most  often,  I  think,  by  vaginal 
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tperation.  In  some  instances  a  small  sac  has  been  found  at  the  lower 
^nd  of  the  ureter  and  has  caused  some  difficulty  in  the  performing  of  the 
operation. 

In  the  case  of  the  supernumerary  ureter  herein  described,  Dr.  Maxon 
of  ('alifomia  had  previously  performed  a  vaginal  operation.  The  ureter 
had  been  freed  in  the  vagina,  an  opening  made  in  the  bladder  over  a 
Miund.  and  the  ureter  drawn  into  it.  The  operation  had  completely 
relieved  the  patient  and  undoubtedly  she  would  have  remained  well  if 
ehanges  had  not  been  produced  by  the  pregnancies  some  years  later. 
The  stretching  of  the  tissues  had  altered  conditions  so  that  at  the  time 
o(  our  examination  it  was  impossible  to  determine  the  area  of  implanta- 
tion. We  felt  sure  that  this  ureter  had  been  closed  continuously  for 
long  periods  and  that  it  would  be  very  difficult  to  reimplant  it  on  account 
of  the  scar,  therefore  the  supernumerary  was  ligated  with  satisfactory 
results. 

Under  ordinary  circumstances,  however,  it  is  my  opinion  that  the 
procedure  of  choice  is  the  abdominal  extraperitoneal  implantation  of  the 
abnormal  ureter.  This  was  done  very  satisfactorily  in  our  second  case 
in  spite  of  the  fact  that  there  was  considerable  infection  in  the  ureter. 
The  technic  of  the  abdominal  operation  is  more  accurate  and  the  implan- 
tation may  be  made  with  a  better  chance  of  preserving  the  lumen  of 
the  ureter  and,  therefore,  the  function  of  the  kidney.  We  have  suf- 
ficient evidence  to  show  that  ureters  transplanted  in  this  manner  will 
continue  to  functionate  and  maintain  a  normal  kidney-function  over  a 
number  of  years.  We  have  recently  examined  two  patients  in  whom 
the  ureter  had  been  transplanted  four  years  previously  and  in  both 
instances  the  adjoining  kidney  was  practically  normal.  In  our  two 
cases  under  discussion  the  incontinence  was  relieved  immediately  and 
relief  has  been  permanent. 

Case  A163923. — M.  L.,  a  single  woman,  twenty-one  years  of  age, 
Rrgt  consulted  us  June  11,  1&16.  The  menstrual  history  was  normal. 
She  complained  of  diurnal  enuresis  which  had  troubled  her  all  her  life. 
She  had  had  nocturnal  enuresis  when  she  was  younger  but  not  recently. 
She  complained  of  constipation  and  stated  that  when  her  bowels  moved 
freely  or  following  physic,  she  had  very  little  or  no  trouble.  The  drib- 
bling of  urine  was  not  constant,  but  strain  or  excitement  caused  it  to 
escape.  Previous  to  one  year  before  examination  she  had  had  three 
attacks  of  sharp,  colicky  pain  in  the  right  side  of  the  abdomen,  each  of 
them  lasting  from  one  to  two  days.  The  attacks  of  pain  were  followed 
h}'  soreness,  and  the  physician  who  saw  her  in  the  attacks  told  her  they 
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were  due  to  appendicitis.  In  repeated  examinations  of  the  urine  con- 
siderable pus  was  found,  and  cystoscopic  examination  showed  some 
inflammation  in  areas  at  the  left  base.  The  ureteral  meatus  on  the 
right  side  could  not  be  found;  the  left  meatus,  situated  just  inside  the 
internal  sphincter  muscle  on  the  left  side,  appeared  to  be  entirely  normal, 
and  clear  urine  was  seen  coming  from  it.  The  bladder-sphincter  was 
apparently  relaxed,  and  it  was  thought  that  this  might  account  for  the 
incontinence  (Figs.  80  and  81). 

Operation. — The  sphincter  was  tightened  by  folding  it  upon  itself 
and  by  taking  a  few  stitches,  but  this  did  not  relieve  the  symptoms. 


Ten  months  later  the  patient  returned  for  an  examination,  at  which 
time  her  history  was  typical  of  extravesical  ureter.  She  had  incon- 
tinence and  dribbling  of  urine,  and  in  addition  voided  normally  from 
three  to  five  times  daily.  It  was  necessary  for  her  to  wear  a  pad  con- 
stantly. 

Cystoscopic  examination  at  this  time  showed  a  left  ureteral  meatus 
situated  just  inside  the  bladder  sphincter.  On  withdrawing  the  cysto- 
scope  an  apparently  normal  meatus  was  found  in  the  right  wall  of  the 
urethra,  1}^  cm.  outside  the  bladder  sphincter.  The  right  ureter  was 
normal  in  length.  The  right  ureter  was  exposed  through  a  right  rectus 
extraperitoneal  incision.     The  ureter  was  greatly  dilated  and  thickened. 
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It  was  surprisiDg  to  find  such  marked  infection  in  the  wall  of  the  Ureter, 
which,  of  course,  was  positive  indication  that  the  kidney  was  infected. 
However,  we  decided  to  implant  the  ureter  and,  if  necessary,  to  perform 
a  nephrectomy  later. 

A  few  days  after  the  operation  the  patient  had  considerable  pain  in 
the  region  of  the  right  kidney  and  there  was  pus  in  the  urine.     Two 


ureteral  catheters  were  readily  passed  into  the  pelvis  of  the  kidney,  and 
continuous  pelvic  lavage  was  instituted.  Prom  this  time  on  the  pain 
decreased.  The  wound  healed  promptly,  although  there  was  slight 
urinary  drainage  from  it  for  a  few  days.  The  incontinence  ceased  after 
the  operation,  and  she  has  had  no  further  trouble  of  that  nature,  although 
at  times  there  has  been  evidence  of  pyelonephritis,  such  as  pain  in  the  side 
and  an  occasional  slight  chill.  Repeated  cystoscopic  examinations  have 
been  made,  and  the  kidney  pelvis  has  been  irrigated.     At  the  present 
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time,  eighteen  months  after  operation,  the  patient  is  practically  free 
from  symptoms,  and  will  probably  not  require  nephrectomy.  The 
functional  capacity  of  the  right  kidney  is  only  about  half  that  of  the 
left. 

Case  AI77181, — J,  T,  R,,  a  woman  forty-eight  years  of  age,  who  had 
been  married  seventeen  years.  She  had  two  children,  sixteen  and  thir- 
teen years  of  age.  The  menopause  had  occurred  three  years  previously. 
This  woman  came  for  examination  because  of  urinary  drainage  from  the 
vagina;  from  birth  she  had  had  partial  incontinence,  ^^'hen  eighteen 
years  of  age,  she  was  operated  on  for  this  trouble  by  Dr.  Maxon.  In  a 
communication  from  Dr.  Maxon  he  states  that  a  congenital  truant 
ureter  was  found  at  operation.  The  right  ureter  passed  just  under  the 
anterior  vaginal  membrane,  but  had  no  connection  with  the  bladder 
and  came  out  very  near  but  not  In  common  with  the  lateral  meatus  of 
the  urethra  at  the  time  of  the  operation.  The  patient  was  dribbling 
about  half  the  urine.  Dr.  Maxon  dissected  the  ureter  from  the  external 
opening  for  about  2}4  inches  up  the  anterior  vaginal  wall.  ,He  then 
cut  away  about  2  inches  of  the  ureter,  passed  a  sound  into  the  bladder, 
and  made  an  opening  in  it  about  where  the  ureter  would  normally  enter. 
After  placing  one  stitch  in  the  lower  end  of  the  ureter,  fully  one-half 
inch  of  it  was  pulled  into  the  opening  made  in  the  bladder  and  sutured 
there.  The  vaginal  wall  was  closed.  In  a  few  days  the  redundant 
portion  of  the  ureter  came  away  and  an  uneventful  recovery  followed 
(Figs.  82  and  83). 

This  operation  was  performed  twenty-two  years  previous  to  our 
examination,  and  the  patient  was  entirely  relieved  until  her  first  preg- 
nancy, when  about  the  fourth  or  fifth  month  of  gestation  the  inconti- 
nence returned.  It  was  not  so  constant,  however,  except  when  she  was 
on  her  feet.  During  the  second  pregnancy  she  had  a  greater  degree  of 
incontinence.  When  she  was  first  examined  at  the  Clinic,  the  trouble 
varied;  it  was  worse  at  times,  but  there  was  some  incontinence  most 
of  the  time. 

On  several  examinations  of  the  urine  small  amounts  of  pus  were 
found.  The  cystoscopic  examination  was  negative.  Both  ureteral 
meatuses  appeared  normal,  the  individual  phenolsulphonephthalein  out- 
put was  normal,  and  there  was  no  evidence  of  the  supernumerary  ureter 
in  the  bladder.  There  was  unquestionably  some  escape  of  urine  into 
the  vagina,  although  it  was  difficult  to  determine  where  it  was  coming 
from. 

Operation. — A  small  incision  into  the  scar  of  the  former  operation 
led  into  a  little  pocket  which  seemed  to  contain  urine,  but  it  was  impossi- 
ble to  pass  a  probe  through  the  pocket  into  the  bladder;  it  could  only  be 
passed  about  one-half  inch.  The  sac  was  stitched  over,  and  apparently 
the  condition  wa3  relieved.  However,  the  relief  was  only  temporary, 
and  in  a  few  weeks  there  was  a  greater  amount  of  drainage  than  pre- 
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viously.  Some  months  later  we  succeeded  in  passing  a  probe  into  the 
pouch  for  several  inches,  but  it  did  not  pass  into  the  bladder.  We 
again  dissected  out  the  fistulous  tract,  and  found  that  it  led  to  a  super- 
numerary ureter  which  was  strictured  about  two  inches  from  the  opening. 
There  was  some  dilatation  above  this  point.     There  was  a  great  deal  of 


scar  tissue  due  to  the  former  operations.  The  ureter  had  undoubtedly 
been  closed  previously  for  long  periods,  and  It  was  probable  that  the 
adjoining  kidney-tissue  was  destroyed.  It  seemed  safe  to  ligate  the 
ureter,  and  this  was  done  with  complete  and  permanent  cure  of  the 
incontinence. 

After  the  operation  the  patient  had  some  increase  in  temperature 
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which  tasted  for  several  days.  There  was  little  or  no  pain  in  the  region. 
of  the  kidney  and  no  other  evidence  of  trouble  from  the  ligation  of  the 
ureter. 
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Contusion  and  rupture  of  the  kidney  occur  more  frequently  in  men, 
as  they  are  more  frequently  subjected  to  violence  which  produces  this 
kind  of  an  injury.  In  women  the  kidney  is  much  better  protected  by 
the  iliac  crest  and  clothing,  and  it  has  a  greater  amount  of  mobility  and 
perirenal  fat.  Contusion  and  slight  rupture  of  the  kidney  probably 
occur  more  often  than  is  realized,  as  in  many  instances  recovery  is 
spontaneous  and  a  physician  may  not  have  been  called.  KUster.  in  a 
review  at  his  clinic  of  7740  injuries,  reports  10  cases  of  injury  of  the 
kidney.  Israel,  in  his  large  clinic  in  Berlin,  has  had  but  1  operative 
case.  Keen's  analysis  of  155  so-called  injured  kidneys  shows  that  118 
were  subcutaneous  ruptures  and  2  were  ruptured  ureters.  In  our  series 
of  cases  I  was  able  to  find  10  injured  kidneys  and  ureters.  In  8  of  these 
cases  operation  was  done  and  the  diagnosis  proved.  The  other  2  were 
diagnosed  clinically  only,  as  the  patients  recovered  without  treatment. 

Such  injuries  are  usually  the  result  of  violent  blows  directly  over  the 
kidney.  Occasionally  the  blow  drives  the  kidney  against  the  lower  ribs 
or  transverse  processes  of  the  first  and  second  lumbar  vertebrae.  When 
a  person  falls  from  a  great  height,  the  kidney  may  be  injured  by*  a 
sudden  concussion  of  the  body  or  by  an  abrupt  flexion.  According  to 
KUster,  the  mechanism  of  producing  the  injury  in  most  cases  is  force, 
hydraulic  in  nature,  acting  through  full  vessels  and  a  full  pelvis.  Any 
force  acting  on  the  kidney  under  such  circumstances  causes  it  to  burst 
along  the  lines  radiating  from  the  hilum  in  the  direction  of  the  tubules. 
The  distended  organ,  driven  against  the  spine  by  the  impact  of  the  ribs, 
will  tend  to  tear  at  the  point  of  maximum  impact.  There  is  usually  very 
little  or  no  external  evidence  of  injury.  In  our  ten  cases  there  was  no 
superficial  evidence  of  injury. 

A  study  of  morbid  anatomy  shows  that  in  contusions  blood  is  extra- 
vasated  into  the  perirenal  fat  or  into  the  [iarenchyma,  and  passes  down 
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the  urinary  tubules  into  the  pelvis  of  the  kidney.  In  rupture  of  the 
kidney  deep  fissures  extend  through  the  capsule  and  parenchyma,  and 
often  into  the  pelvis.  Sometimes  the  kidney  is  completely  torn  across. 
This  occurred  in  three  of  our  cases,  and  it  was  necessary  to  remove  the 
kidney  in  separate  pieces.  The  hemorrhage  is  severe  in  such  cases,  the 
hlood  extending  widely  through  the  perirenal  and  retroperitoneal  fat. 
If  the  ureter  is  intact,  some  of  the  blood  will  pass  down  into  the  bladder. 
If  the  peritoneum  is  lacerated,  as  it  is  in  some  of  these  cases,  a  large 
amount  of  blood  may  escape  into  the  abdominal  cavity.  This  occurred 
in  one  of  our  most  severe  cases,  and  a  large  number  of  clots  were  wiped 
out  of  the  open  peritoneum.  If  the  rupture  extends  completely  through 
the  substance  of  the  kidney,  the  urine  will  escape  with  the  blood  into 
the  surrounding  tissues,  adding  the  element  of  infection  to  the  hematoma 
and  producing  a  much  more  serious  condition.  In  six  of  our  eight 
patients  operated  on  the  kidney  was  completely  ruptured  and  there 
was  a  great  quantity  of  urine  and  blood  in  the  perirenal  tissues. 

Rupture  of  the  renal  artery  is  sometimes  seen.  This  apparently  had 
occurred  in  one  case  in  our  series,  and  bad  been  classified  as  a  sponta- 
neous rupture  of  a  pathologic  kidney.  The  hematoma  in  this  case  was 
of  a  tremendous  size,  and  as  soon  as  the  clots  were  loosened,  free  bleeding 
occurred  from  the  renal  artery.  There  was  no  evidence  of  an  aneurysm 
of  the  vessel,  and  there  was  not  enough  infection  to  produce  a  slough 
through  the  wall  of  the  vessel.  In  all  probability  this  was  an  instance 
of  rupture  of  the  renal  vessel. 

Avulsion  of  the  ureter  occurred  in  two  of  the  patients  operated  on. 
Both  operations  were  done  some  weeks  after  the  injury,  and  in  both 
efforts  were  made  to  locate  the  ureter.  There  was  considerable  infection 
in  both  instances,  and  abscess  pockets  with  considerable  granulation 
tissue  filled  the  spaces  of  the  pelves.  No  sign  of  a  ureter  was  seen  in 
either  case.  No  hematuria  occurred  at  the  time  of  the  accident  or 
subsequently. 

The  greatest  danger  in  case  of  rupture  of  a  kidney  is  from  hemorrhage. 
Shock,  often  very  marked,  is  probably  owing  to  the  sudden  loss  of  a 
large  amount  of  blood,  which  may  be  sufficient  to  cause  death.  In  one 
such  case  in  our  series  the  man  was  pulseless  for  some  time  and  it  was 
thought  he  could  not  survive.  After  about  twelve  hours,  however,  he 
gradually  reacted  and  a  little  later  was  operated  on  and  recovered.  I 
am  convinced  that  if  we  had  attempted  to  operate  at  the  height  of  the 
shock  and  hemorrhage,  the  patient  would  not  have  survived. 
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Infection  is  the  factor  of  second  importance  in  these  cases.  It 
usually  becomes  noticeable  about  forty-eight  hours  after  the  injury. 
If  the  rupture  does  not  extend  into  the  tubules  and  pelvis,  it  is  possible 
that  infection  will  not  occur;  the  blood  will  be  absorbed  and  the  wound 
in  the  kidney  will  heal  spontaneously.  This  apparently  took  place  in  our 
two  cases  in  which  operation  was  not  performed.  A  positive  diagnosis 
could  not  be  made,  but  the  fact  that  bleeding  occurred  from  the  kidney 
shortly  after  the  injury  is  certainly  suggestive  of  rupture.  The  lacera- 
tion was  probably  slight,  and  there  was  only  a  small  amount  of  bleeding. 
There  was  no  infection,  and  the  wound  in  the  kidney  healed  promptly. 
In  4  of  our  8  cases  large  abscesses  had  formed  (1  in  two  weeks;  1  in  three 
weeks;  1  in  four  weeks;  1  in  seven  weeks)  and  it  was  deemed  advisable 
to  drain  them,  with  a  view  to  the  possibility  of  saving  the  kidney,  and 
because  it  seemed  the  safer  procedure  on  account  of  the  amount  of 
infection.  However,  in  all  four  of  the  cases  it  was  necessary  to  remove 
the  kidney  later. 

The  clinical  features  presented  in  such  cases  are  usually,  first,  a 
picture  of  profound  shock,  and  second,  a  reaction  with  nausea,  vomiting, 
and  pain  in  the  kidney  area,  often  radiating  to  the  thigh  and  testicle. 
The  patient  may  also  have  a  typical  renal  colic,  caused  by  clots  passing 
down  the  ureter.  There  is  seldom  any  evidence  of  bruising  of  the  soft 
tissues  over  the  kidney.  Soreness  and  tenderness  in  the  loin  are  always 
present  even  in  cases  of  slight  rupture.  The  abdominal  muscles  on  that 
side  are  rigid,  and  tympanites  may  be  marked.  Hematuria  is  the  most 
constant  symptom,  and  is  present  in  all  cases  except  those  in  which  a 
clot  obstructs  the  ureter  or  the  ureter  is  torn  off.  The  hemorrhage  in 
two  of  our  cases  was  severe.  In  some  cases  it  has  been  fatal.  In  most 
instances  it  is  intermittent,  lasting  for  a  few  days,  clearing  up  entirely 
for  a  short  time,  and  then  reappearing.  This  may  be  repeated  several 
times.  Swelling  in  the  loin  occurs  in  nearly  all  cases,  and  is  due  to  the 
accumulation  of  urine  and  blood.  In  some  of  our  cases  it  appeared  as  a 
large  tumor,  filling  the  entire  injured  side  of  the  abdomen.  If  the 
capsule  has  remained  intact,  it  may  become  distended  and  present  a 
large,  tender,  movable  mass.  Uremia  is  rare.  Usually,  after  about 
forty-eight  hours,  septic  changes  occur  and  perirenal  infection  is  evi- 
denced by  chills  and  irregular  temperature.  At  this  time  the  urine  will 
contain  a  large  amount  of  pus.  In  all  our  infected  cases  the  infection 
occurred  as  a  walled-off  abscess;  however,  in  some  reported  cases  it 
resulted  in  a  diffuse  cellulitis  extending  into  all  the  surrounding  tissues. 

The  following  are  tabulated  data  of  our  cases  as  to  the  age,  the  nature 
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of  the  injury,  the  cluef  symptoms,  the  time  of  treatment,  and  the  con- 
dition in  which  the  kidney  was  found  at  the  time  the  patients  were 
operated  on.     All  these  patients  recovered. 


Camw 

Aoi 

N.™o.l«n.. 

Chief  Simnuii 

~i~ 

~ 

Kicked  by  a  horae. 

Hemnturia.  t^-mpanites.  pain,  soreness,  lump. 

t 

«9 

Fdl  tbrougb  *  Boor. 

Hematuria,  pain,  tenderness,  infection,  sinus. 
No  bematuna,  shock,  vomiting,  pain,  sn-elling. 

3 

SH 

RuD  ov«r  by  a  buggy. 

4 

36 

Fell  over  a  sdihII  wagon. 

N^b^maturia.  pain,  severe  chills,  fever,  tender 
swelling,  infection,  no  urine  from  the  injured 

Hematuria,  shock,  tender  tumor,  vomiting,  se- 

S 

65 

Spontaneous  rupture. 

s 

' 

Struck  by  auto. 

No  hematuria,  swelling,  septic  sinus,  complica- 
tion with  fractured  skull. 

7 

n 

Fell  dovD-stairs. 

Hematuria,  vomiting,  tender  swelling,  no  secre- 
tion from  the  injured  side,  sinus. 

B 

S3 

Runaway  acddc nt. 

Hematuria,  intermittent  chills  and  fever,  tender- 
ness, rigidity.  cloU  in  the  bUdder,  no  secretion 
from  the  injuied  aide. 

9 

46 

Strained  lifting  a   heai? 

Hematuria  for  eight  days,  some  soreness  o\-er 

bk>ck  al  ice. 

sacral  spine. 

10 

34 

FeU   three   feet   onto  ce- 

ment sidewalk,  then 

right  kidney  region  and  testicle. 

rolled  over  a  barrel. 

Time  or  Tbe4T1ibst 
I.  Nephrectomy  two  weeks  after  injury. 

a.  Examined   within   twenty-tour  hours. 
Patient  apparently  recovering.     Ab- 
gce»t   drained   after  two   we^, 
phrectomy  after  seven  weeks. 

3.  Abscess  drained  three  weeks  after 
jury,  nephrectomy  six  weeks  after 
jury. 

4.  No  pain  for  two  days  after  the  injury 
nephrectomy  three  weeks  after  the  ' 
jury. 

6.  Immediate  shock,  nephrectomy  in 
about  three  days. 

6.  Abscess  drained  one  month  after  the 
injury,  nephrectomy  more  than  two 
months  after  the  injur)'. 

7.  Abscess  drained  seven  weeks  after  the 
injury,  nephrectomy  one  year  after  the 
accident. 

8.  Nephrectomy  more   than   two  weeks 

after  the  accident. 

9.  Cystoscoped  elsewhere  about  the  sixth 
day;  cystoscoped  by  us  five  weeks  af- 
ter the  accident.    Findings  negati\'e. 

10.  Physical  examination  Eve  days  after 
the  accident:  no  other  procedures. 


CONDITIOSJ 

Complete  rupture  dividing  kidney  into  two 

parts;   lower  half  gangrenous. 
Lar^  abscess,  kidney  completely  divided 


Small  abscess;  kidney  not  ruptured;  ure- 
ter completely  severed  from  the  pelvis 
of  the  kidney. 

Complete  rupture  of  pathologic  kidney, 
bleeding  from  vessels  in  the  pedicle, 
large  hematoma. 

Much  eeltuKtis;  the  kidney  not  ruptured 
although  the  ureter  and  peKis  were 
completely  separated. 

Complete  rupture,  huge  hematoma,  and 
ureter  obstructed. 
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The  treatment  to  be  employed  is  determined  by  pain,  shock,  and 
hemorrhage.  If  the  local  symptoms  are  insignificant,  the  constitutional 
symptoms  slight,  and  hematuria  is  not  marked,  expectant  treatment 
may  be  instituted.  The  i  patients  in  our  series  not  operated  on 
undoubtedly  had  ruptured  kidneys  and  yet  both  recovered  completely 
without  treatment.  In  one  the  hematuria,  which  was  not  severe, 
lasted  about  eight  days.  This  patient  was  eystoscoped  five  weeks  after 
the  injury  and  both  kidneys  were  found  apparently  normal.  The  same 
patient  was  eystoscoped  on  the  sixth  day  after  the  injury,  and  blood 
was  seen  coming  from  the  tranmatized  side.  It  is  possible  that  because 
some  of  the  slightly  injured  kidneys  have  healed  spontaneously,  we 
have  carried  the  expectant  treatment  too  far  in  other  cases.  Operative 
interference  is  surely  indicated  if  there  is  an  increasing  loss  of  blood  or 
if  there  is  evident  involvement  of  the  peritoneum.  In  spite  of  the  fact 
that  the  patient's  condition  may  be  very  grave,  surgery  probably  offers 
the  only  chance.  If  the  swelling  in  the  loin  is  increasing  or  the  amount 
of  urine  is  diminishing,  an  exploration  should  be  made. 

In  some  of  our  cases  an  earlier  exploration  might  have  saved  the 
kidney.  After  infection  has  taken  place  it  is  not  possible  to  pack  the 
rent  in  the  kidney  or  clear  away  the  clots  and  suture  the  wound  with 
any  degree  of  success.  However,  if  the  kidney  is  inspected  before 
infection  has  occurred  and  it  is  found  to  be  viable  and  not  too  exten- 
sively lacerated,  it  would  seem  that  the  procedure  of  choice  is  loosely  to 
suture  the  parts  together  and  drain  the  wound  freely.  If  the  kidney  is 
extensively  lacerated  and  the  vessels  are  ruptured,  or  if  the  ureter  is 
torn  away,  it  will  then  be  necessary  to  remove  the  kidney. 

Reports  of  Cases 

C.\sB  1  (60578). — A.  D.,  a  boy  eleven  years  of  age,  was  examined 
October  46.  1911.  Two  weeks  previously  the  child  had  been  kicked  in 
the  left  lumbar  region  by  a  horse.  For  a  week  there  was  marked 
tympanites;  temperature,  104  to  105  F.  Blood  passed  from  the 
bladder  for  several  days  and  then  stopped.  Howe^-er,  for  a  week  he 
had  been  passing  blood  with  the  urine.  At  first  pain  was  severe  over 
the  left  kidney  area,  but  was  relieved  by  strapping.  A  large  lump  had 
l)een  noticeable  in  the  left  side  of  the  abdomen  since  shortly  after  the 
injury.  At  the  time  of  the  examination  there  was  some  soreness.  The 
urethra  was  small,  and  a  cystoscopic  examination  was  not  possible. 

Operation  eighteen  days  after  the  injury.  Through  a  posterior 
incision  the  huge  lump  was  exposed,  which  proved  to  be  a  ruptured 
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itlney  with  perinephritic  hematoma  and  infection.  The  kidney  was 
plit  in  the  middle.  The  lower  half  was  gan^^nous;  the  upper  half 
ad  sonie  nourishment,  but  the  capsule  was  filled  with  infected  urine. 
hfse  fragments  of  kidney  tissue  were  removed.  The  recovery  was 
ncvMtful  (Fig.  84). 

Case  2  (86559), —  I.  S.,  a  girl  five  and  one-half  years  of  age,  was 
ianiineil  June  24,  1913.  Six  weeks  previous  to  the  examination  the 
lild  had  been  run  over  by  a  heavy  buggy,  the  hind  wheel  passing  over 
the  abdomen.  Following  the  accident 
she  had  severe  pain,  a  high  pulse,  ob- 
struction of  the  bowels,  and  profuse 
vomiting  for  several  days — blood  on 
one  occasion.  Recovery  then  seemed 
to  take  place.  Three  weeks  later  the 
whole  left  abdomen  became  swollen 
and  the  temperature  and  pulse  indi- 
cated infection.     An  incision  made  by 


al  physieian  revealed  a  retroperitoneal  mass.  Thirty-four  ounces  of 
d  and  urine  were  drained,  and  in  a  day  or  two  the  discharge  consisted 
par  urine.  After  this  the  child  had  been  comfortable  with  drainage, 
vhen  this  stopped  there  was  pain.  The  physician  wrote  that  methy- 
biue  injected  into  the  sinus  did  not  show  in  the  bladder.  At  the  time 
ir  examination  the  child's  general  condition  was  good.  There  was 
fss  in  the  left  kidney  area.  A  subcutaneous  injection  of  indigo- 
in  drained  partly  through  the  sinus.     The  x-ray  examination  was 
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negative.     The  urine  showed  a  specific  gravity  of  1010  and  was  negative 
except  for  an  occasional  red  blood-cell  and  a  little  pus. 

At  operation  {C.  H.  M.)  the  left  kidney  was  shown  to  be  completely 
ruptured,  and  it  was  removed  in  two  separate  pieces.  A  sinus  persisted 
for  some  time,  but  recovery  was  eventually  complete  (Fig.  85). 

Case  3  (179949). — Mrs.  A.  P.,  a  female  thirty-six  years  of  age,  came 
for  examination  December  6,  1016,  because  of  pain  in  the  right  kidney 
region.  A  week  before  com- 
ing to  the  Clinic  she  had 
stepped  out  in  the  dark  and 
had  fallen  over  a  little  ex- 
press wagon.  She  did  not 
realize  that  she  was  hurt,  but 
two  nights  later  severe  right- 
sided  pain  developed,  with 
vomiting  and  urinary  fre- 
quency. Since  then  she  has 
had  almost  constant  pain  and 
soreness  in  the  region  of  the 
right  kidney.  She  has  also 
had  chills  and  fever,  followed 
by  sweats  in  the  evening. 
I  There  has  been  loss  of  appe- 

tite and  strength.  No  history 
of  hematuria.  The  physical 
examination  was  negative 
except  for  a  tender  enlarge- 
ment in  the  right  kidney  re- 
gion. Cy.stoscopic  examina- 
tion demonstrated  that  there 
was  no  urine  coming  down 
from  the  right  side.  The  left 
side  was  normal.  Phenolsul- 
F«.«..-c«s.  p«ii>q,hri.i.iai,.ti™.i»-iih. low., pole  phonephthftlein  showed  on 
(rwki  kidiifyi.  the  left  side  m  four  mmutes, 

and  25  per  cent  returned  in 
fifteen  minutes.  The  x-ray  examination  was  negative.  Diagnosis:  Func- 
tionless  right  kidney  and  probably  traumatic  rupture.  The  history  of 
injury  was  so  slight  that  the  patient  was  kept  under  observation  for  two 
weeks  before  the  diagnosis  seemed  positive  enough  to  warrant  operation. 
Repeated  examination  of  the  urine  at  this  time  showed  albumin  i  and 
only  a  few  pus-cells.  The  leukocyte  count  was  45,800.  The  temi^er- 
ature  was  intermittent — at  one  time  nearly  105  F. 

The  operation  revealed  a  great  deal  of  perinephritic  infection  about 
the  lower  pole,  very  little  pus,  but  necrosis  and  granulation  tissue.     The 
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ley  was  adherent  and  had  many  small  abscesses  throughout  the 
ex.  The  infection  extended  through  the  pelvis,  and  the  ureter 
Id  not  be  found.  The  ureter  had  apparently  been  completely 
red  from  the  pelvis,  or  had  sloughed  off  during  the  extension  of  the 
ction  (Fig.  86). 

?ASF,  4  (83188). — N.  E.  F.,  a    man  twenty-nine  years  of  age,  was 
iiined  April  22,  1913.     Twenty-four  hours  before  the  examination 
patient  had  fallen  through  a  hole  in  a  floor  in  such  a  way  that  bis 
T  left  chest  struck  the  edge  of  the  hole.     He  lay  for  fifteen  minutes 
use  of  the  pain  in  his  side,  which  gradually  grew  worse  until  it 
me  excruciating.     Five  hours  after  the  injury  he  passed  a  large 
lint  of  blood  in  the  urine,  which  relieved  the  pain  a  great  deal, 
r  that  he  passed  only  a  small  amount  of  blood  and  had  no  pain 
1  he  was  quiet.     The  urine  ex- 
led  while  he  was  under  observa- 
showed  some  blood.    He  gradu- 
recovered  and  was  able  to  be  up 
around.     The  urine  was  clear 

of  the  time,  but  there  was  a 
t  rise  in  temperature  oocasion- 

The  patient  left  the  Clinic,  but  ] 

ned  in  six  days  with  an  increase  ' 

in  and  tenderness  over  the  left 
•y  area.     Micturition  was  pain- 
id  there  was  considerable  pus  in 
rine. 
n  exploration  was  made,  and  a 

perinephritic  abscess  drained, 
weeks  later  a  cystoscopic  exam- 
)n  showed  that  there  was  no 
ion  in  the  left  kidney.     Seven 

i  after,  the  kidney,  which  had  Fig.  st.—Cut  *.  Pirinrphntk  ib<ce»  »!  im 
(■ompletely  divided  by  the  in-  kidney. 

was  removed  in  two  separate 

:  (C,  H.  M.).     The  patient  recovered  promptly  and  has  remained 

Fig.  87). 

\SE  5  (156050).' — E.  E.  T.,  a  man  sixty-five  years  of  age,  was 

ned  March  29.  1916.     Fifteen  years  previously  the  patient  had 

ain  in  the  left  kidney  re^on.     He  consulted  a  physician  and  was 

medicine,  which  relieved  him.  He  had  no  further  trouble  until 
ly,  when  on  shoveling  coal  into  the  furnace  be  coughed  and 
d.  This  was  followed  instantly  by  severe  pain  in  the  left  loin  and 
ncD,  which  continued  until  the  examination  twelve  hours  afterward. 
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The  urine  had  become  bloody,  and  each  specimen  had  been  very  dark 
with  blood.  He  vomited  several  times.  There  was  a  large  and  very 
tender  mass  in  the  left  kidney  region.  The  patient  appeared  anemic. 
The  systolic  blood-pressure  was  230,  the  diastolic,  110.  Urinalysis 
showed  a  large  amount  of  blood  and  a  small  amount  of  pus.  The  x-ray 
showed  shadows  in  the  left  kidney  area.  Because  of  the  patient's 
condition  no  further  examination  was  made.  The  tumor  in  the  region 
of  the  kidney  was  increasing,  a  diagnosis  of  spontaneous  rupture  of  a 
pathologic  kidney  was  made,  and  an  operation  was  performed  imme- 
diately (E.  S,  J.). 

Incision  through  the  superficial  tissues  showed  a  very  large  hematoma 
containing  at  least  two  quarts  of 
clots  and  fluid.  As  soon  as  thi.s 
was  cleared  out  very  free  arterial 
bleeding  was  observed  coming  from 
the  kidney  pedicle.  The  pedicle 
was  caught  in  clamps,  and  the  large 
hydronephrotic  and  cystic  kidney 
was  removed.  Stones  were  present, 
and  there  was  almost  complete  de- 
struction of  the  parenchyma.  There 
was  a  large  amount  of  blood  and 
considerable  fat  in  the  dilated  kid- 
ney pelvis.  The  patient  made  a 
go<Kl  recovery,  though  the  wound 
was  slow  in  closing. 

Case  6  (202S33).— J.  R.,  a 
boy  seven  years  of  age,  was  ex- 
amined July  20.  1917.  This  boy 
had  always  been  well  until  June 
2,  1917,  when  he  was  struck  by 
Kig.  w.— (bk8.   Hupiuwi  wi  kidnry.  ^^^  automobilc  moving  at  the  rate 

of  four  to  five  miles  an  hour.  He 
was  unconscious  for  eight  days.  The  right  side  of  the  skull  was 
trephined  elsewhere  on  June  5  for  a  depressed  fracture,  and  almost 
complete  motor  paralysis  of  the  left  side.  These  symptoms  cleared 
up  within  twelve  days,  .\bout  a  month  after  the  injury  a  tumor 
mass  was  discovered  in  the  left  kidney  area,  which  grew  rapidly  and  in 
the  course  of  a  few  days  he  had  several  convulsions.  The  mass  was 
opened  by  the  local  doctor,  about  one  gallon  of  a  serosanguineous  fluid 
was  removed,  and  the  wound  closed.  Ten  days  later  it  was  necessary 
again  to  aspirate  the  region.  This  time  straw-colored  fluid  having  the 
odor  of  urine  was  removed.  Clear  urine  continued  to  drain  from  the 
sinus.  He  passes  about  10  ounces  of  urine  from  the  bladder  in  twenty- 
four  hours.     X-ray  examination  revealed  a  fracture  of  the  base  of  the 
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skull  and  a  trephine  opeaing.  The  patient  was  anemic  and  frail  and 
looked  uremic.  During  the  time  he  was  under  our  observation  he  had 
periods  of  apparent  complete  cessation  of  kidney  elimination. 

As  soon  as  his  condition  warranted  it,  exploration  of  the  left  kidney 
area  was  made  (E.  S.  J.)  and  a  rupture  through  the  pelvis  of  the  kidney 
was  found.  The  kidney  tissue  was  not  torn,  but  there  was  extensive  peri- 
renal infection  and  a  swollen  and  edematous  kidney,  completely  separated 
from  the  ureter.  The  ureter  was  not  found.  After  the  removal  of  the 
kidney  the  patient's  general  condition  improved  rapidly.  The  remaining 
kidney  functionated  normally  and  he  recovered  completely  (Fig.  88). 

Case  7  (71678). — H.  G.,  a  girl  eleven  years  of  age,  was  examined 
August  6.  191%.  Seven  weeks  previously  the  child  had  fallen  down- 
stairs, injuring  her  right  side  severely.  She  vomited  for  two  days,  and 
passed  bloody  urine  twice.  The  side  was  sore  for  two  weeks.  She  had 
been  in  bed  about  three  weeks  after  the  accident  when  her  mother 
noticed  a  swelling  in  the  right  side,  which  gradually  increased  in  size. 
At  the  time  of  the  examination,  seven  weeks  after  the  accident,  there 
was  no  pain  or  inconvenience  except  the  lump  in  the  right  kidney  region. 
This  mass  was  tense,  but  not  \-ery  tender.  It  seemed  to  extend  through 
to  the  back,  and  dullness  was  continuous  with  the  hver  dullness.  X-ray 
showed  a  dense  mass  but  no  shadow.  Urine  showed  a  specific  gravity 
of  1025.  Cystoscopic  examination  showed  that  there  was  no  secretion 
from  the  right  side  for  6fteen  minutes,  and  an  obstruction  to  the  ureter 
near  the  kidney.     The  left  kidney  was  apparently  normal. 

At  operation  (\V.  J.  M.)  a  ruptured  right  kidney  was  found  with  a 
huge  hematoma  forming  a  large  tumor  filling  the  right  side  of  the  abdo- 
men. There  were  more  than  two  quarts  of  bloody  fluid.  The  kidney 
was  lying  posteriorly  and  above  the  mass,  and  the  ureter  could  be  felt 
lying  free.  It  was  thought  best  to  drain  the  hematoma  and  endeavor 
to  save  the  kidney.  The  patient  was  discharged  in  a  few  weeks  in  good 
f«ndition,  except  for  a  urinary  sinus  from  the  wound.  She  continued 
to  improve,  although  the  sinus  persisted.  She  returned  in  eleven 
months  with  the  sinus  discharging  enough  to  soil  three  or  four  pads 
each  day.  Cystoscopic  examination  at  this  time  showed  that  no  urine 
was  coming  into  the  bladder  from  the  right  side,  and  that  the  left  side 
was  normal.  A  subcapsular  nephrectomy  was  performed.  The  fistula 
was  found  to  lead  down  to  the  ruptured  kidney.  There  was  complete 
obstruction  of  the  ureter  and  an  abscess  pocket  of  considerable  size. 
The  patient  made  a  complete  recovery. 

Case  8  (40524). — G.  L.,  a  man  thirty-three  years  of  age,  was  ex- 
amined July  18,  1910.  Sixteen  days  previously  he  had  been  in  a  run- 
away accident  and  sustained  an  injury  to  his  left  groin.  The  following 
day  and  for  one  week  after  there  was  blood  in  the  urine.  He  felt  better 
for  a  number  of  days,  then  blood  reappeared  in  the  urine  and  he  had 
fe\-er  and  chills.  He  was  pale  and  anemic  looking,  temperature  101.5 
F,     The  left  abdomen  and  left  kidney  region  were  very  tender  and  the 
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muscles  were  tense.  Cystoscopic  examination  showed  a  large  amount 
of  blood  coming  from  the  left  kidney.  The  right  side  was  normal.  There 
were  organized  blood-clots  free  in  the  bladder  and  protruding  from  the 
right  meatus. 

The  operation  revealed  the  kidney  ruptured  transversely  and  the 
lower  pole  divided  longitudinally.  The  rupture  extended  through  the 
capsule  and  parenchyma  into  the  pelvis.  Nephrectomy  was  performed 
(W.  J.  M.).     The  recovery  was  uneventful  (Fig.  89). 

Case  9  (158983). — W.  A.  S.,  a  man  forty-six  years  of  age,  came  for 
examination  May  4,  1916,  heca,use  of  hematuria.  He  had  been  well  up 
to  five  weeks  previously,  when  he 
lifted  a  heavy  piece  of  ice.  The  fol- 
lowing day  he  noticed  bright  red 
blood  in  his  urine.  The  bleeding  con- 
tinued for  about  eight  days;  he  was 
then  cystoscoped  and  told  that  be 
had  a  tumor  of  the  right  kidney.  He 
went  home  to  prepare  for  an  oper- 
ation, and  the  bleeding  and  other 
urinary  symptoms  stopped  suddenly. 
At  the  time  of  our  examination,  five 
weeks  after  the  injury,  there  was 
some  soreness  in  the  region  of  the  sa- 
cral  spine.  Therewasnomacroscopic 
blood  in  the  urine.  Microscopic  ex- 
amination revealed  a  considerable 
number  of  red  blood-cells.  The  cys- 
toscopic examination  shon'ed  appar- 
ently normal  secretion  on  both  sides. 
This  patient  unquestionably  had 
a  slight  rupture  of  the  kidney  at  the 
time  of  his  injury.  The  torn  surface, 
however,  did  not  become  infected, 
and  the  laceration  healed  primarily. 
'^  .ndi™«poiedi"idT,;;ritudi;iX.""'''  case  lO  (I78I62).— J.  S.  K.,  a 

man  thirty-four  years  of  age,  came 
to  the  Clinic  November  18,  1916,  for  an  x-ray  examination  of  the  right 
knee,  which  had  been  injured  five  days  previously  when  he  fell  three 
feet,  striking  on  a  cement  walk  and  rolling  over  a  barrel.  He  imme- 
diately felt  intense  pain  in  the  patella,  which  persisted.  He  noticed 
blood  in  the  urine,  and  he  had  severe  pain  in  the  region  of  the  right 
kidney  and  testicle.  When  examined,  he  still  had  some  pain  in  the 
region  of  the  right  kidney.  Urinalysis  showed  red  blood-cells  and  some 
pus.     The  symptoms  subsided  gradually  without  treatment. 

This  patient  unquestionably  had  a  slight  rupture  of  the  kidney  which 
healed  primarily  without  treatment. 
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A  REPORT  OF  BACTERIAL  VACCINE  THERAPY  IN 
A  SERIES  OF  PROSTATIC  CASES* 


H.  C.  BUMPUS 


Following  the  appearance  of  the  Cabot  and  Crabtree  paper  setting 
forth  the  favorable  results  obtained  from  the  administration  of  colon 
vaccine  in  a  series  of  eight  prostatic  cases,  the  procedure  was  adopted 
from  time  to  time  in  the  Mayo  Clinic,  but  not  until  May,  1917,  was  it 
systematically  carried  out.  At  about  this  time  also  there  appeared  an 
admirable  article  by  Sholly,  Blum,  and  Smith  on  the  therapeutic  value 
of  bacterial  vaccine  in  whooping-cough,  the  authors  stating  that  during 
the  administration  of  the  vaccine  they  were  very  enthusiastic  as  to  the 
beneficial  results.  However,  after  their  tables  had  been  compiled  and 
carefully  compared  with  the  controls,  the  results  showed  that  the 
untreated  patients  had  done,  on  the  whole,  better  than  those  receiving 
the  vaccine.  Similarly,  Wbittington  reported  on  230  typhoid  cases 
with  (ireful  controls,  and,  interestingly  enough,  he  also  felt  confident 
of  favorable  results  until  bis  careful  analysis  disclosed  again  that  the 
controlled  patients  not  receiving  the  vaccine  had  done  better  than  those 
so  treated. 

In  undertaking  our  study  it  seemed  advisable  to  give  all  the  patients 
the  vaccine  for  five  months  and  then  to  compare  the  results  with  those 
obtained  in  the  previous  five  months  without  the  vaccine.  Thus  the 
element  of  coincident  time  would  be  sacrificed  for  that  of  greater  num- 
bers, and  the  result,  we  believed,  would  be  more  accurate.  This  also 
seemed  just  since  the  treatment  of  these  cases  is  now  routine  and  has 
not  varied  appreciably  during  the  present  year. 

Further,  to  make  the  two  series  as  synchronous  as  possible,  all  cases 
in  which  the  so-called  two-stage  operation  was  done  (that  is,  suprapubic 
drainage  followed  by  prostatectomy)  have  been  considered  separately. 
Judd  believes  that,  with  the  exception  of  a  few  selected  cases  requiring 
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very  lengthy  drainage  to  reestablish  kidney -function,  better  results  are 
obtainable  by  means  of  the  permanent  urethral  catheter  than  by  the 
suprapubic  stab.  The  former  renders  a  good  surgical  procedure  possible 
since  there  is  no  scar-tissue  to  interfere  with  ample  exposure,  thus 
permitting  injection  of  the  capsule,  excision  of  the  gland,  suturing  of 
the  capsule,  and  the  establishment  of  complete  hemostasis  with  ease  and 
precision.  The  operative  field,  as  in  other  surgical  procedures,  is  clear 
and  accessible.  On  the  other  hand,  in  the  presence  of  an  old  suprapubic 
sinus  with  its  accompanying  scar-tissue,  such  procedure  is  impossible, 
and  the  operation  which  is  performed  tends  to  become  the  finger  enu- 
cleation of  the  past,  with  its  lamentable  lack  of  precision  and  total 
disregard  of  hemostasis.  A  permanent  urethral  catheter  preoperatively 
also  has  the  added  advantage  of  rendering  the  patient  accustomed  to  its 
presence  and  thereby  makes  its  postoperative  use  less  hazardous. 

The  routine  preoperative  and  postoperative  treatment  in  relation  to 
the  vaccine  therapy  may  be  readily  understood  by  Table  1,  represent- 
ing a  chart  such  as  is  used  in  our  prostatic  cases.  Thus  in  parallel 
columns  records  are  kept  of  the  phenolsulphonephthalein,  blood-urea, 
specific  gravity,  volume,  and  microscopic  and  residual  urine,  together  with 
the  blood-pressure,  hemoglobin,  and  the  amounts  of  vaccine  given  from 
day  to  day.  The  vaccine  was  administered  twice  a  week  in  doses  be- 
ginning with  50  million,  increasing  by  multiples  of  50  to  a  maximum  of 
500  million,  and  continuing  throughout  convalescence. 

Considerable  thought  was  given  to  the  question  of  the  relative 
merits  of  stock  and  autogenous  vaccines.  The  autogenous  vaccines 
seem  to  have  the  greater  amount  of  literature  to  their  credit.  They  are. 
of  course,  always  fresher,  and,  on  the  basis  of  specificity,  would  seem  to 
be  superior.  The  stock  vaccine,  on  the  other  hand,  is  within  reach  of 
the  greater  number  of  physicians,  and  is  safer,  since  it  is  put  out  by  the 
large  laboratories  under  Federal  license.  Therefore,  following  the 
technic  of  Cabot  and  Crabtree,  we  used  mixed  colon  vaccine  prepared 
from  various  strains  of  colon  bacillus  isolated  from  different  urines  and 
prepared  fresh  once  a  week. 

The  administration  was  subcutaneous,  and,, with  two  exceptions,  no 
untoward  symptoms  resulted.  The  majority  of  the  patients  complained 
of  malaise  with  slight  nausea  and  a  little  rise  of  temperature,  during  the 
first  few  inoculations.  The  reactions  resembled  those  usually  associated 
with  the  administration  of  typhoid  vaccine.  Some  patients  stated  that 
they  could  feel  no  effect;   the  majority  regarded  it  as  a  necessary  evil 
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and  complaiaed  most  of  the  localized  inflammatory  reaction,  which 
lasted  one  or  two  days  but  always  wore  off.  In  the  two  patients  men- 
tioned the  reaction  was  marked  enough  to  require  abandonment  of  the 
treatment,  but  never  was  in  any  way  alarming. 


To  determine  our  results,  a  comparison  of  the  patients  treated  with 
vaccine  with  those  not  receiving  vaccine  must  be  made  relative  to  the 
incidence  of  complications  manifestly  due  to  infection — namely,  pye- 
lonephritis, epididymitis,  phlebitis,  cystitis,  and  wound-infection.     The 
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last  two  conditions  it  seems  best  to  disregard,  as  both  are  almost  uni- 
versally present  to  a  mild  degree  in  such  cases,  and  their  relative  severity 
is  difficult  to  use  as  a  matter  of  careful  comparison. 

Pyelonephritis  is  naturally  our  best  criterion.  The  characteristic 
symptoms  of  malaise,  accompanied  for  several  days  by  gradually  in- 
creasing fever,  with  chills  and  sweats  and  a  subsequent  decline,  make  it 
typical,  and  to  one  who  has  been  long  associated  with  patients  who  are 
having  residual  urine  repeatedly  removed,  the  so-called  "reaction"  can 
never  be  forgotten.  Cabot  and  Crabtree  have  reported  a  series  of 
cases  in  which  the  colon  bacillus  was  obtained  during  such  reactions, 
especially  during  the  chills,  in  pure  culture  from  the  blood-stream.  We 
attempted  to  repeat  their  experiments,  and  although  blood  was  obtained 
from  six  patients,  all  within  an  hour  of  the  onset  of  the  chill  and  from  two 
at  its  height,  in  no  instance  could  a  growth  be  obtained,  our  cultures 
always  being  sterile.  Owing  to  the  absence  of  Cabot  and  Crabtree  in 
Europe,  we  were  unable  to  ascertain  wherein  our  technic  differed  from 
theirs,  and  so  gave  up  further  attempts  to  isolate  the  organism.  There- 
fore, to  prevent  such  reactions  or  to  reduce  their  severity  becomes  the 
chief  function  of  the  vaccine,  and  its  final  sentence  in  the  court  of  last 
appeal  must  be  based  largely  on  its  ability  to  produce  evidence  that 
the  incidence  of  pyelonephritis  is  lessened  by  its  administration.  It 
has  long  been  known  and  fully  realized  that  a  patient  having  undergone 
such  a  reaction,  although  for  the  time  greatly  weakened,  is  a  better 
surgical  risk  than  one  who  has  not.  Therefore,  a  patient  having  had  a 
reaction  and  being  subsequently  treated  with  colon  vaccine,  may  well 
be  likened  to  one  having  recovered  from  typhoid  and  subsequently 
receiving  typhoid  prophylactic  treatment,  unless  the  immunity  con- 
ferred by  an  attack  of  pyelonephritis  is  only  transient,  as  Cabot  and 
Crabtree  suggest. 

Phlebitis  and  epididymitis  have  also  been  added,  together  with  the 
length  of  preoperative  treatment  and  of  convalescence,  but  the  main 
judgment  must  rest  on  the  pyelonephritis  incidence.  It  seems  only  fair 
to  state  that  at  the  writing  of  this  paper  the  results  had  not  been  com- 
piled, that  at  first  we  were  very  enthusiastic,  that  subsequently  we  be- 
came skeptical,  and  that  after  the  completion  of  Table  S,  we  discon- 
tinued the  administration  of  the  vaccine. 

Thus  it  appears  that  in  the  series  in  which  vaccines  were  given  there 
weie  5  per  cent  lessof  cases  of  pyelonephritis  than  the  controls  and  1  per 
cent  more  than  all  cases.     However,  it  must  not  be  concluded  that  the 
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vaccine  has  produced  this  decrease,  for  if  the  action  of  the  vaccine  were 
specific,  a  greater  reduction  than  5  per  cent  should  have  occurred  and 
the  incidence,  as  compared  with  all  patients  operated  on,  should  have 
been  less — not  greater.  This  conclusion  is  further  supported  by  the 
10  per  cent  increase  in  the  cases  of  epididymitis  among  patients  that 
■were  treated  compared  with  the  controls. 
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A  survey  of  the  length  of  time  the  treatment  was  given  is  of  interest 
in  demonstrating  that,  although  the  convalescence  of  the  patients  not 
receiving  vaccine  is  longer  by  five  days,  their  entire  time  under  treat- 
ment is  shorter  by  ten  days,  showing  that  the  greater  the  length  of 
preoperative  preparation,  the  shorter  the  convalescence.  This  fact  is 
further  emphasized  in  the  two-stage  series,  when  a  preparation  of  several 
hundred  days  is  given  to  patients  who  are  the  poorest  of  surgical  risks 
and  leads  to  a  convalescence  much  shorter  than  the  average.  In  the 
two-stage  series  no  attempt  was  made  to  chart  the  incidence  of  infection 
because  much  of  the  patients'  preoperative  time  was  spent  at  their 
homes  where  accurate  observation  was,  of  course,  impossible. 


Conclusions  "■ 

1-  Immunity  to  pyelonephritis  cannot  be  produced  by  means  of 
mixed  colon  bacillus  vaccine. 

2.  The  administration  of  mixed  colon  vaccine  does  not  markedly 
reduce  the  incidence  of  geni to-urinary  infection,  if  it  affects  it  at  all. 

S.  Preoperative  attacks  of  pyelonephritis  are  the  natural  means  of 
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producing  an  immunity  to  renal  infection,  and  their  occurrence  make 
operative  risks  less. 

4.  The  len^h  of  convalescence  is  usually  in  inverse  proportion  to  the 
length  of  preoperative  treatment. 
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Tbe  importance  of  the  preoperative  treatment  and  the  postoperative 
care  of  patients  following  prostatic  operations  is  well  established.  A 
great  deal  has  been  done  also  to  improve  and  simplify  the  operative 
technic.  so  that  at  the  present  time  the  operation  is  a  much  more  definite 
surgical  procedure  than  formerly.  The  element  of  infection  in  these 
cases  has  received  due  consideration,  although  apparently  a  great  deal 
remains  to  be  learned.  In  two  seemingly  parallel  cases,  one  patient 
may  have  a  very  severe  infection  at  any  time  following  the  operation. 
It  is  an  accepted  fact  that  the  patient  who  has  cystitis  and  other  evidence 
of  chronic  infection  at  the  time  of  operation  is  likely  to  be  a  better  risk 
and  is  almost  certain  to  have  an  easier  convalescence  than  the  patient 
who  has  a  perfectly  clean  bladder  and  no  symptoms  of  infection  in  the 
urinary  tract.  This  would  seem  to  suggest  that  the  infection  had  pro- 
duced a  definite  immunity,  and  further  that  some  benefit  might  be 
expected  from  the  preliminary  use  of  vaccines- 

In  the  majority  of  instances  a  very  definite  and  characteristic  reac- 
tion is  brought  about  by  preoperative  treatment.  Just  what  the  etiologic 
factor  of  this  reaction  is  has  not  been  decided.  It  is  characterized  by 
general  weakness,  irritability,  inability  to  rest,  and  loss  of  body  weight. 
During  the  height  of  the  reaction  the  specific  gravity  of  the  urine  and 
other  tests  show  that  the  function  of  the  kidney  is  very  much  diminished. 
There  is  a  marked  reduction  in  the  blood-pressure,  which  is  usually 
high.  After  tbe  reaction  subsides  all  these  symptoms  disappear.  The 
renal  function  apparently  returns  to  normal,  although  the  specific  grav- 
ity of  the  urine  will  probably  never  reach  the  point  of  its  first  reading. 
During  the  reaction  there  may  be  much  evidence  of  infection,  such  as 
chills,  increased  temperature,  and  pus  in  the  urine,  and  in  some  in- 
stances blood  cultures  will  be  positive.     This  infection,  if  it  is  an  infec- 
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tion,  is  characteristic,  A  patient  well  along  in  years  will  withstand  a 
long  abdominal  operation  under  a  general  anesthetic  even  though  there 
is  considerable  infection  in  the  operative  6eld,  and  yet  if  at  any  time 
during  convalescence  this  same  patient  has  retention  of  urine  so  that 
catheterization  is  necessary  for  some  time,  there  is  almost  sure  to  be 
more  reaction  from  this  procedure  than  from  the  abdominal  operation. 
I  do  not  believe  we  can  accept  the  theory  that  the  reaction  which  gen- 
erally follows  catheterization  and  the  withdrawal  of  the  residual  urine 
is  always  due  to  infection  alone.  The  reaction  may  occur  at  any  time 
without  any  evidence  of  infection,  and  it  would  seem  that  it  might  be  due 
to  the  change  of  pressure  within  the  pelvis  of  the  kidney,  which  permits 
a  sudden  congestion.     This  is  turn  interferes  with  the  renal  function. 

In  the  somewhat  detailed  study  of  a  small  series  of  cases  herewith 
presented  an  attempt  has  been  made  to  ascertain  as  nearly  as  possible 
the  part  infection  plays  in  the  reactions  which  take  place  during  the 
preparation  of  patients  either  by  draining  the  bladder  through  a  urethral 
catheter  or  through  a  suprapubic  opening.  It  has  been  of  interest  also 
to  find  out  just  how  often  infection  occurs  during  convalescence,  and 
how  much  of  a  factor  it  is  in  the  convalescence  and  in  determining  the 
mortality. 

Infection  in  the  kidney  is  the  most  important  factor  to  be  taken 
into  consideration.  The  question  arises  as  to  whether  many  of  these 
patients  do  not  have  a  more  or  less  chronic  infection  of  the  kidney  from 
the  beginning  of  the  urinary  symptoms.  An  infected  kidney  does  not 
continuously  pass  organisms  into  the  urine.  An  area  of  infection  may 
be  walled  off  so  that  the  urine  is  free  from  pus  and  organisms  except  at 
intervals  when  the  area  opens  up  and  discharges  into  the  calyx  or  pelvis. 
This  is  known  to  have  occurred  in  several  instances;  the  urinalysis  did 
not  indicate  any  infeetion  in  the  kidney,  although  at  operation  ornecropsy 
considerable  evidence  of  infection  was  shown.  I  believe  that  this  is 
a  frequent  condition  in  prostatic  cases.  As  soon  as  any  treatment  is 
begun,  the  infection  increases  because  of  the  changes  brought  about  in 
the  kidney,  and  bacteria  and  pus  appear  in  the  urine.  The  change  in 
the  urinary  apparatus  is  made  by  the  withdrawal  of  the  residual  urine. 
When  the  urine  is  free  from  bacteria  before  treatment  is  begun,  but 
shows  pus  and  organisms  a  short  time  afterward,  it  is  usually  believed 
that  the  infection  is  due  to  contamination  during  treatment.  This  is 
undoubtedly  true  in  some  cases,  but  it  would  seem  that  the  appearance 
of  pus  and  organisms  in  the  urine  does  not  necessarily  mean  the  treat- 
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ment  has  caused  an  infection.  Just  why  the  kidneys  become  infected, 
and  the  route  by  which  the  infection  enters  them,  has  been  the  subject 
of  considerable  discussions.  Crabtree  and  Cabot  believe  that  the  blood- 
stream is  by  far  the  most  frequent  source  of  infection.  They  cite  the 
case  of  a  man  under  preparation  for  prostatectomy  whose  urine  at  the 
time  of  admittance  to  the  hospital  was  found  by  culture  to  be  free  from 
infection.  The  catheter  had  been  in  place  for  several  days  during  which 
time  there  were  no  symptoms  and  the  cultures  were  sterile.  On  the 
eighth  day  the  patient  complained  of  burning  in  the  urethra;  two  hours 
later  he  had  a  chill  and  a  sharp  rise  in  temperature.  Blood  cultures 
made  two  and  a  half  hours  after  the  onset  of  symptoms  showed  a  pure 
growth  of  colon  bacilli.  No  bacteria  were  found  in  the  cultures  from 
urine  made  at  the  same  time,  but  cultures  of  the  urine  several  hours 
later  showed  abundant  colon  bacilli.  The  functional  test  dropped  twenty 
points  in  twenty-four  hours.  The  patient  presented  all  the  evidence 
of  pyelonephritis,  but  with  constant  urethral  drainage  for  another  week 
renal  function  returned  to  within  Sve  points  of  the  former  reading.  At 
this  time  a  prostatectomy  was  performed.  .\  secondary  hemorrhage 
occurred  on  the  ninth  day  and  the  patient  died.  The  necropsy  showed 
that  the  kidneys  were  pale  and  had  normal  markings.  There  was 
no  dilatation  of  the  pelves.  Crabtree  and  Cabot  believe  this  case  to 
have  been  one  of  pyelitis  and  pyelonephritis.  The  diagnosis  of  pyelone- 
phritis was  based  on  the  sudden  drop  in  the  kidney  function,  which 
they  think  was  due  to  cloudy  swelling  probably  involving  the  tubular 
portion  of  the  kidney.  They  believe  that  in  such  cases  the  perivesical 
tissue  becomes  infected,  but  instead  of  lymphatic  extension  to  the  kid- 
ney, which  is  against  all  rules,  the  infection  enters  by  way  of  the  blood- 
stream. 

In  some  of  these  cases  infection  ascending  by  way  of  the  urinary 
passages  is  probably  the  source  of  the  kidney  infection.  Ordinarily, 
infection  does  not  occur  in  this  manner,  but  when  there  is  an  infiam- 
matory  thickening  in  the  wall  of  the  bladder  and  also  in  the  lower  end 
of  the  ureter  (especially  if  there  is  obstruction  in  the  urethra,  produc- 
ing back  pressure  into  the  ureter),  infection  may  readily  extend  to  the 
kidney  through  the  lumen  of  the  ureter. 

Infection  might  ascend  by  way  of  the  lymphatics  if  all  the  lymphatics 
were  blocked,  but  under  ordinary  conditions,  with  the  lymph  draining 
normally,  infection  at  the  lower  end  of  the  ureter  would  be  passed  to 
the  lymphatic  glands  in  front  of  the  sacrum.     It  is  more  Ukely  that  the 


ey  Google 


238  E.  S.  JUDD 

perivesical  infection  finally  reaches  the  kidney  by  extending  into  the 
lymphatics  and  then  entering  the  blood-stream. 

The  effect  of  the  infection  on  the  function  of  the  kidney  depends 
on  the  part  of  the  kidney  involved.  There  may  be  chills,  fever,  and 
considerable  pus  in  the  urine,  and  yet  the  renal  function  may  not  be 
greatly  redilbed.  On  the  other  hand,  with  little  evidence  of  infection 
— no  rise  in  temperature,  no  organisms  in  the  urine — the  renal  function 
may  be  very  greatly  reduced.  If  the  infection  attacks  the  cortical  part 
of  the  kidney,  as  is  usually  the  ca^e  when  it  is  of  coccus  origin,  there 
will  be  considerable  evidence  of  it,  but  the  renal  function  may  appear 
normal.  If  the  infection  enters  the  region  of  the  tubules,  even  though 
it  causes  only  a  swelling  in  this  region,  the  phenolsulphonephthalein 
output  is  usually  greatly  diminished.  This  type  of  infection  is.  as  a  rule, 
produced  by  the  colon  bacillus.  If  the  infection  is  mixed  and  due  to 
colon  bacilli  and  cocci  as  well,  there  will  be  much  pus  in  the  urine, 
marked  evidence  of  infection,  and  also  greatly  reduced  function. 

Infection  in  the  ureter  is  generally  secondary  to  an  infection  in  the 
wall  of  the  bladder.  The  ureter  is  dilated,  the  coats  are  greatly  thick- 
ened, and  there  are  no  peristaltic  contractions.  The  dilatation  of  the 
ureter  must  be  due  to  the  increased  pressure,  and  the  hypertrophy  to  the 
effort  to  force  the  urine  past  the  obstruction.  The  trauma  which  pre- 
cedes infection  in  the  bladder  and  ureter  is  produced  by  the  overdis- 
tention.     Cystitis  is  often  due  to  trauma  produced  by  the  catheter. 

In  the  study  of  these  cases  bactcriologic  examinations  have  been 
made  of  the  urine  and  blood  and  also  of  the  prostate  and  the  wound 
after  operation.  In  nearly  all  such  examinations  the  blood  cultures  were 
negative,  possibly  because  of  the  fact  that  they  were  not  made  imme- 
diately following  the  chill.  According  to  Bumpus,  cultures  often  will 
not  be  obtained  from  the  blood  a  few  hours  after  the  chill. 

The  bacteriologic  examination  of  the  urine  in  five  consecutive  cases 
in  which  complete  data  were  obtained  showed  that  before  treatment  of 
any  kind  had  been  instituted  Staphylococcus  albus  could  be  demon- 
strated in  the  culture  in  four  of  them.  In  one  the  showing  was  very 
scanty.  In  the  fifth  case  no  growth  had  developed  in  the  media  at  the 
end  of  the  fourth  day.  While  all  these  cultures  were  taken  with  great 
care,  it  is  not  possible  to  be  absolutely  certain  they  were  free  from  con- 
tamination. The  presence  of  the  cocci  in  the  urine  could  not  be  ex- 
plained. None  of  the  patients  had  any  rise  in  temperature  or  showed 
other  evidence  of  infection. 
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A  second  bacteriologic  examination  of  the  urine  wa^  made  of  three 
of  the  five  patients  four  daya  after  the  prehminary  treatment  was  begun. 
The  other  two  did  not  require  preoperative  treatment.  It  is  especially 
interesting  to  note  that  in  all  the  cases,  in  addition  to  the  staphylococci 
that  were  present  at  the  first  examination,  there  were  colon  bacilli  in 
some  or  all  of  the  media.  In  Cases  S  and  4.  in  which  a  primary 
prostatectomy  had  been  performed,  the  urine  gave  a  positive  culture 
of  colon  bacilli  in  one  ease  on  the  fourth  day  after  the  operation,  and  in 
the  other  on  the  fifth  day,  so  that  all  five  patients  had  colon  bacillus  infec- 
tion four  or  five  days  after  the  beginning  of  treatment.  The  patient 
who  had  a  primary  prostatectomy  showed  some  evidence  of  infection. 
On  the  fourth  day  he  developed  a  temperature  of  101.5  F.  In  two  in. 
stances  cultures  were  taken  of  the  hypertrophied  prostate  as  soon  as  it 
was  removed.  The  culture  from  the  patient  who  had  not  had  any 
preliminary  treatment  was  negative.  The  culture  from  the  patient  who 
had  been  catheterized  for  several  weeks  showed  a  positive  growth  of- 
colon  bacilli. 

The  five  patients  all  made  good  recoveries  without  complications. 
They  were  discharged  with  wounds  completely  healed  within  five  weeks 
after  the  prostatectomy.  Only  one  patient  had  a  temperature  as  high 
as  lOS  F..  and  this  lasted  but  a  few  hours.  Possibly  the  convalescence 
in  these  cases  was  better  than  is  usual,  yet  at  approximately  the  same 
time  after  the  beginning  of  treatment  cultures  of  the  urine  in  each  case 
showed  colon  bacilli  and  staphylococci.  This  would  seem  to  suggest 
either  that  these  patients  had  a  natural  or  acquired  resistance  to  these 
bacteria,  or  that  the  bacteria  were  not  especially  active.  There  was  no 
suggestion  at  any  time  of  insufficient  elimination  from  the  kidney.  Since 
positive  cultures  were  found  in  all  these  cases,  does  it  not  seem  probable 
that  they  are  common  in  this  condition?  Such  cultures  point  out  what 
will  take  place  if  for  any  reason  the  patient's  resistance  is  greatly  low- 
ered or  the  activity  of  the  organisms  is  increased. 

Vaccines  were  not  given  in  these  5  cases.  Recently  we  have  made 
a  study  of  21  prostatic  cases  to  determine  the  effect  of  the  use  of  Bacillus 
coli  vaccines.  Twelve  of  the  cases  were  preoperative  and  nine  post- 
opierative.  Each  patient  received  Bacillus  coli  vaccine  every  four  days, 
beginning  with  50  million  and  increasing  to  500  million,  the  maximum 
dose.  A  microscopic  examination  of  the  urine  was  made  every  week, 
and.  with  one  exception,  colon  bacilli  were  found.  However,  none  of 
the  21  patients  has  shown  any  evidence  of  severe  infection,  and  it  is 
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possible  the  use  of  the  vaccine  may  have  modified  the  infection  consid- 
erably in  spite  of  the  fact  that  the  colon  bacilli  persisted  in  the  urine. 
Two  of  the  21  patients  had  chills.  A  blood  culture  made  from  one  at 
the  beginning  of  the  chill  was  sterile.  Both  had  white  blood  counts 
during  the  chill,  showing  only  about  85,000  leukocytes.  The  phenolsul- 
phonephthalein  output  dropped  10  to  15  per  cent  at  the  time  of  the 
chill. 

Conclusions 

1.  In  prostatic  cases  a  definite  reaction  occurs  during  the  preopera- 
tive treatment.  In  some  cases  this  reaction  may  be  due  to  infection 
in  the  kidney. 

8,  Several  days  after  the  beginning  of  treatment  or  after  the  opera- 
tion has  been  performed,  in  a  very  large  majority  of  cases,  the  urine 
shows  a  considerable  number  of  colon  bacilli.  This  cannot  be  due  to 
contamination  in  every  instance,  although  we  are  unable  to  say  whether 
it  comes  from  the  kidney,  the  bladder,  or  the  prostate  itself. 

3.  The  infection  may  be  walled  off  in  the  kidney,  and  therefore  no 
organisms  will  show  in  the  urine.  Simultaneously  with  any  form  of 
treatment  the  infection  becomes  active  and  the  urine  immediately  shows 
bacteria. 

4.  Colon  bacillus  vaccine  may  modify  the  infection,  though  it  does 
not  decrease  the  number  of  colon  bacilli  in  the  urine. 

Case  Reports 
Case  1  (A18013I). — S.  H.,  a  farmer  fifty-seven  years  of  age,  married 
thirty  years,  18  children.  Urgency  of  urination,  smarting,  and  burning 
had  existed  for  eight  years  and  dribbling  for  three  years.  There  had 
never  been  complete  retention,  and  a  catheter  had  never  been  used. 
The  patient  had  lost  15  pounds  in  weight.  There  was  bilateral  enlarge- 
ment (encapsulated)  of  the  prostate,  3  on  a  scale  of  4.  The  bladder 
was  distended.  The  right  eye  showed  secondary  optic  atrophy;  the  left 
eye  was  negative.  A  twelve-hour  specimen  of  the  unne,  600  c.c,  had  a 
Specific  gravity  of  1026,  an  acid  reaction,  and  an  occasional  pus-cell,  but 
was  otherwise  negative.  Combined  phenolsulphonephthalein  test:  860 
c.c,  60  per  cent  in  three  hours.  There  were  8  ounces  of  residual  urine. 
The  blood  Wassermann  test  was  negative.  Blood  urea  (Van  Slyke) :  89 
mg.  of  urea  per  100  c.c.  The  preparation  of  the  patient  consisted  of  cath- 
eterization twice  a  day  for  a  few  days  and  the  use  of  a  permanent  cath- 
eter for  several  weeks.  There  was  considerable  general  decline  when  the 
catheter  was  first  used,  but  the  subsequent  improvement  was  marked. 
The  blood-pressure  before  treatment  was  125,  83.     The  phen<Jsulphone- 
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phthalein  return  varied  from  35  to  70  per  cent  in  two  hours.  On  the 
eighth  and  eighteenth  days  during  the  preparation  a  chill,  followed  by  a 
rise  in  temperature,  occurred.  A  suprapubic  prostatectomy  was  per- 
formed, the  capsule  being  sutured  and  the  bladder  completely  closed. 
A  urethral  catheter  was  inserted  for  drainage.  The  temperature  did 
not  run  above  100,  there  were  no  complications,  and  the  patient  was 
dismissed  with  his  wound  entirely  healed  on  the  eighteenth  day. 

Examination  of  the  blood  before  any  preparation  was  made  showed 
70.7  per  cent  polynuclears  and  5400  leukocytes.  At  the  time  of  the 
prostatectomy  there  were  74  per  cent  polynuclears  and  13,200  leuko- 
cytes. Several  days  after  the  prostatectomy  there  were  86.7  per  cent 
polynuclears,  and  25,600  leukocytes. 

Bacteriologic  examination  of  the  urine  before  any  treatment  re- 
vealed Staphylococcus  albus  and  a  large  saprophytic  coccus  on  all 
media.  The  anaerobic  culture  was  not  good.  Bacteriologic  examina- 
tion of  the  urine  after  four  days  of  repeated  catheterization  showed 
Bacillus  coli,  staphylococcus,  and  yeast-cells  on  a  blood-agar  culture. 
Bacillus  coli  and  a  staphylococcus  were  present  on  glucose  agar.  Bouil- 
lon gave  a  growth  of  Bacillus  coli.  Anaerobic  cultures  showed  Bacillus 
coli  and  staphylococcus.  Cultures  of  the  urine  some  time  after  opera- 
tion showed  the  pneumococcus  on  all  media. 

Bacteriologic  examination  of  a  glucose-agar  culture  of  material 
taken  from  the  gland  at  the  time  of  prostatectomy  showed  the  pneumo- 
coccus and  Bacillus  coli.  Blood-agar,  bouillon,  and  anaerobic  culture 
gave  growths  of  Bacillus  coli  and  a  gram-positive  diplococcus,  probably 
a  pneumococcus. 

Case  2  (A184364). — G-  H.  L.,  a  farmer,  sixty-one  years  of  age. 
This  patient  was  an  old  alcoholic  and  had  had  frequency  of  urination 
for  five  years.  One  week  previous  to  our  examination  be  bad  acute 
retention.  The  catheter  was  used  once  and  since  then  there  had  been 
incontinence.  Weight  normal.  Heart  action  slightly  irregular.  Hemor- 
rhoids. Rectal  examination  revealed  a  large  benign  prostate.  The  blood- 
pressure  after  treatment  was  150,  88.  Urinalysis:  400  c.c,  specific 
gravity  1018,  albumin,  red  blood-cells,  and  white  blood-cells.  Blood- 
urea:  21  mg.  in  100  c.c.  Phenolsulphonephthalein  test:  45  to  50  per 
cent  returned  in  seven  to  seventeen  minutes.  Because  of  the  acute  reten- 
tion and  much  pain  on  passing  the  catheter,  the  preparation  consisted  in 
preliminary  drainage  of  the  bladder  by  suprapubic  cystostomy.  During 
the  two  weeks  following  this  operation  there  waa  continuous  improve- 
ment and  at  the  end  of  that  time  a  prostatectomy  was  performed.  The 
temperature  rose  to  102  -(-  soon  after  the  operation,  but  returned 
to  normal  in  three  days,  and  remained  so  until  the  patient  was  dis- 
charged with  his  wound  healed  at  the  end  of  four  weeks. 

Tbe  blood  examination  made  when  the  patient  was  first  seen  and 
before  any  treatment  had  been  given  showed  70.7  per  cent  polynuclears 
'17— Ifl 
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and  16,800  leukocytes.  Six  days  after  the  drainage  operation  there 
were  67.7  per  cent  polynucleara  and  8200  leukocytes;  six  days  after  the 
prostate  was  removed,  77.S  per  cent  polynucleara  and  18,400  leukocytes. 

Bacteriologic  examination  of  the  urine  before  treatment  revealed 
Staphylococcus  albus  in  bouillon,  glucose-agar,  and  blood-agar  cultures. 
Anaerobic  glucose-agar  culture  was  sterile  for  four  days.  Bacterio- 
logic examination  of  the  urine  after  suprapubic  drainage  revealed  the 
staphylococcus,  pneumococcus,  and  Bacillus  coli  in  a  bouillon  culture. 
Blood  agar  showed  the  pneumococcus  and  Bacillus  coli.  Anaerobic 
agar  showed  the  Bacillus  coli  and  pneumococcus.  Bacteriologic  ex- 
amination of  the  urine  eight  hours  after  prostatectomy  showed  the 
Bacillus  coli  and  streptococcus  in  glucose-agar  culture.  Blood  agar 
gave  a  growth  of  Bacillus  coli  and  a  diplococcus.  Anaerobic  culture 
showed  the  Bacillus  coli.  Blood-agar  and  bouillon  cultures  of  the  urine 
six  days  after  prostatectomy  showed  the  Bacillus  coli  and  a  strepto- 
coccus.    Glucose  agar  gave  a  growth  of  Bacillus  coli  and  pneumococcus. 

Bacteriologic  examination  of  a  culture  taken  from  the  wound  four 
days  after  suprapubic  drainage  showed  a  staphylococcus  in  bouillon. 
The  anaerobic  culture  was  sterile.  Glucose  agar  and  blood  agar  showed 
the  Staphylococcus  albus  and  Bacillus  coli.  A  culture  made  from 
the  wound  at  the  time  of  the  prostatectomy  showed  Bacillus  coli  and 
staphylococcus.  Six  days  after  the  pro.statectomy,  cultures  from  the 
wound  showed  the  staphylococcus  and  Bacillus  coli  on  glucose  agar 
and  in  anaerobic  media. 

Case  S  (A4162).— M.  D.  S.,  a  banker,  fifty-six  years  of  age; 
married  twenty-eight  years;  two  children.  This  patient  had  had  uri- 
nary difficulty  for  six  years,  gradually  growing  worse.  For  three  years 
he  bad  had  dribbling.  He  had  never  used  a  catheter.  The  physical 
examination  was  negative  except  that  a  hard  and  encapsulated  enlarge- 
ment of  the  prostate  was  palpated  per  rectum.  The  blood- pressure 
was  154,  08.  Urinalysis:  400  c.c.  in  twenty-four  hours;  specific  gravity 
1021;  slight  amount  of  albumin  and  pus.  The  blood  examination 
showed  83  per  cent  hemoglobin  and  9400  leukocytes.  There  was  1 
ounce  of  residual  urine.  Phenol sulphonephthalei a  test:  50  per  cent 
returned  in  two  hours.  Blood  urea :  S3  mg.  to  100  c.c.  It  did  not  seem 
necessary  to  institute  any  preliminary  preparation.  A  prostatectomy 
was  done  without  the  drainage  operation,  as  the  amount  of  residual 
urine  was  small  and  the  other  examinations  were  satisfactory. 

Examination  of  the  blood  on  the  day  of  the  operation  showed  66.7 
per  cent  polynuclears  and  8800  leukocytes.  Four  days  after  operation 
there  were  84  per  cent  polynuclears  and  11,600  leukocytes. 

Bacteriologic  examination  of  the  urine  before  operation  showed  a 
scanty  growth  of  staphylococci  on  all  media.  The  blood-agar  culture 
of  the  urine  five  days  later  (the  patient's  temperature  had  been  101 .5  F. 
the  evening  before,  the  highest  at  any  time  during  the  convalescence) 
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showed  Bacillus  coli,  staphylococcus,  and  pneumococcus.  A  bouillon 
culture  gave  a  growth  of  pneumococcus  and  staphylococcus.  Glucose 
agar  showed  Bacillus  coli  and  staphylococcus.  The  anaerobic  culture 
showed  Bacillus  coli  and  pneumococcus. 

A  culture  made  from  the  prostate  soon  after  it  was  removed  showed 
no  growth. 

The  convalescence  was  uneventful  and  no  evidence  of  infection 
was  noted  at  any  time.  The  wound  was  slow  in  healing,  but  this  was 
evidently  due  to  the  condition  in  the  prostatic  urethra  and  not  to  the 
infection. 

Case  4  (A187926). — J.  L.  G.,  a  janitor,  sixty-five  years  of  age; 
married  thirty-four  years;  three  children.  The  urinary  difficulty  had 
begun  three  years  previously  with  urgency  of  urination  and  dribbling. 
The  patient  had  never  been  catheterized.  The  physical  examination 
was  negative  except  that  on  palpation  per  rectum  the  prostate  seemed 
to  be  benign,  but  enlarged,  firm,  and  hard.  The  blood-pressure  was 
150,  115,  and  150,  90.  Urinalysis:  600  c.c.  in  twelve  hours;  specific 
gravity  1030;  otherwise  negative.  Fhenolsulphonephthalein  was  re- 
turned in  fifteen  minutes,  60  per  cent  in  two  hours.  There  were  2J^ 
ounces  of  residual  urine.  Blood  urea:  37  mg.  in  100  c.c.  Examination 
of  the  blood  showed  54  per  cent  polynuclears  and  4800  leukocytes. 
.\s  the  patient's  general  condition  was  good,  the  amount  of  residual 
urine  small,  and  the  specific  gravity  and  renal  function  normal,  it  was 
not  considered  necessary  to  institute  preliminary  treatment,  and  supra- 
pubic prostatectomy  was  performed. 

Examination  of  the  blood  on  the  day  of  the  operation  showed  86 
per  cent  polynuclears  and  10,600  leukocytes.  Four  days  after  the 
operation  there  were  80  per  cent  polynuclears  and  10,500  leukocytes. 

Bacteriologic  examination  of  the  urine  before  any  catheterization 
and  before  the  operation  showed  staphylococci  in  all  cultures.  Anai^ 
robic  and  aerobic  cultures  in  bouillon  and  glucose  agar  were  sterile. 
Blood  agar  showed  no  hemolyzing  streptococci.  Four  days  after  the 
operation  a  glucose-agar  culture  of  the  urine  showed  Bacillus  coli  and 
pneumococcus.  Blood  agar  also  gave  a  growth  of  Bacillus  coli  and 
pneumococcus.  AnaSrobic  and  aerobic  cultures  in  bouillon  showed 
Bacillus  coli  and  pneumococcus. 

Four  days  after  the  operation  a  culture  from  the  wound  showed 
Staphylococcus  albus. 

There  was  no  rise  in  temperature  or  suggestion  of  infection  at  any 
time  during  the  convalescence  (the  temperature  was  never  mora  than 
a  fraction  above  99  ¥.),  but  on  the  sixth  day  a  considerable  number  of 
colon  bacilli  and  cocci  were  found  in  the  urine.  The  wound  healed 
in  a  little  more  than  three  weeks. 

Case  5  {A150733). — J.  M.  P.,  a  laborer,  sixty-five  years  of  age; 
married  forty-four  y?ars;  four  children.     The  urinary  difficulty  con- 
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sisted  in  smarting  on  urination  for  the  previous  three  years.  Examina- 
tion per  rectum  revealed  a  median  enlargement  of  the  prostate.  The 
blood-pressure  was  126,86  and  135,95.  Urinalysb:  750  c.c.  in  twelve 
hours;  specific  gravity  1028;  otherwise  negative.  There  were  two  to  three 
ounces  of  residual  urine.  Fhenolsulphonephthalein  test:  A  showing  in 
ten  minutes,  35  per  cent  in  two  hours;  second  test,  a  showing  in  fifty 
minutes,  50  per  cent  in  two  hours.  Blood  urea:  30  mg.  in  100  c.c.  and 
42  mg.  in  100  c.c.  In  spite  of  the  good  renal  function,  it  seemed 
best  to  make  a  suprapubic  drainage  before  removing  the  prostate,  as 
the  patient  was  not  in  a  good  general  condition.  No  reaction  followed 
the  drainage  of  the  bladder,  and  about  three  weeks  later  a  suprapubic 
prostatectomy  was  performed.  The  temperature  was  100  F.  on  the 
second  and  third  days  following  the  operation,  but  was  not  above 
normal  at  any  other  time  during  the  convalescence,  and  the  patient  was 
discharged  on  the  nineteenth  day  with  his  wound  healed. 

Examination  of  the  blood  at  the  time  the  operation  for  drainage 
was  performed  showed  85.3  per  cent  polynuclears  and  22,400  leuko- 
cytes. Five  days  later  there  were  80.3  per  cent  polynuclears  and  13,000 
leukocytes.  At  the  time  of  the  prostatectomy  there  were  61.7  poly- 
nuclears and  18,000  leukocytes. 

Bacteriologic  examination  of  the  urine  at  the  time  of  the  operation 
for  drainage  of  the  bladder  showed  pneumococcus  on  the  blood-agar 
culture,  but  there  was  no  growth  on  the  "other  media.  Before  any 
treatment  had  been  instituted,  glucose-agar,  bouillon,  and  anaerobic 
cultures  were  all  sterile  for  four  days.  Four  days  after  drainage  of 
the  bladder  an  agar  culture  showed  staphylococcus,  streptococcus,  and 
Bacillus  coli.  A  staphylococcus  and  a  gram-negative  saprophytic  organ- 
ism were  found  on  anaerobic  culture.  Bouillon  culture  showed  strepto- 
coccus and  staphylococcus  and  a  gram-negative  bacillus.  At  the  time 
of  the  prostatectomy,  glucose-agar,  blood-agar,  anaerobic  cultures,  and 
bouillon  showed  Bacillus  coli  and  pneumococcus.  Glucose-agar,  blood- 
agar,  bouillon,  and  anaerobic  cultures  of  the  urine  four  days  after 
prostatectomy  showed  pneumococcus  and  Bacillus  coli. 

A  glucose-agar  culture  of  material  taken  from  the  wound  four  days 
after  the  prostatectomy  showed  large  gram-negative  saprophytic  bacilli, 
probably  saprophytes. 

In  spite  of  the  fact  that  many  organisms  were  present  in  these  cul- 
tures, the  patient  showed  no  evidence  of  infection  at  any  time  and 
made  a  prompt  recovery. 
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In  the  examination  of  the  central  nervous  system  of  patients  with 
urinary  incontinence  following  prostatectomy,  it  is  not  uncommon  to 
find  definite  evidence  of  cord  lesions.  On  investigation  it  is  usually 
discovered  that  the  patient  had  complained  of  urinary  difficulty  even 
prior  to  the  prostatic  age,  and  that  definite  evidence  of  a  central  nervous 
f^stem  lesion  had  been  overlooked.  The  urinary  symptoms  were  evi- 
dently the  result  of  disturbance  in  the  central  nervous  system  and  were 
not  caused  by  the  enlargement  of  the  prostate  that  may  have  been  felt 
per  rectum.  Even  when  no  such  enlargement  was  palpated  the  surgeon 
may  have  felt  justified  in  advising  a  prostatectomy  because  of  the  possi- 
bility of  median  lobe  obstruction.  It  is  now  recognized  that  urinary 
obstruction  may  be  due  to  many  conditions  other  than  those  discovered 
by  means  of  rectal  palpation  and  the  urethral  sound.  When  any  doubt 
remains,  the  etiologic  factor  can  usually  be  ascertained  by  a  careful  ex- 
amination of  the  nervous  system  and  by  cystoscopy. 

The  physical  examination  of  a  series  of  patients  who  had  cord  lesions 
and  who  complained  of  urinary  disturbance  showed  that  evidence  of  the 
lesion  in  the  central  nervous  system  is  often  apparent  even  on  casual 
examination.  Occasionally,  however,  the  cord  lesion  is  obscured  and  is 
discovered  only  after  a  careful  search.  Rectal  examination  of  patients 
with  advanced  cord  lesions  and  urinary  difficulty  shows  that  the  prostate 
is  apparently  smaller  than  not-mal,  the  periprostatic  tissues  are  often 
flabby,  and  any  slight  degree  of  prostatic  enlargement  that  may  be  pres- 
ent seems  to  give  on  pressure  as  though  there  was  no  resistance  in  the 
tissues  back  of  it.  Occasionally,  however,  the  urinary  difficulty  seems 
to  be  caused  by  a  well-marked  enlargement  of  the  prostate  and  only  on 
careful  examination  is  definite  evidence  of  cord  lesion  determined  in 
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addition.  The  question  thea  arises:  Are  we  justified  in  performing 
prostatectomy  in  the  presence  of  a  cord  lesion? 

The  decision  as  to  the  advisability  of  an  operation  will  usually  de- 
pend on  the  relative  degree  of  the  symptoms  of  obstruction  due  to  the 
enlargement  of  the  prostate  and  the  extent  of  the  nerve  lesion.  Al- 
though operation  is  usually  contraindicated  by  incontinence,  it  may 
occasionally  be  advisable.  If  the  incontinence  is  due  to  weakness  of  the 
external  sphincter,  prostatectomy  is  not  advisable,  but  if  the  incon- 
tinence is  due  to  overflow  of  retained  urine,  as  is  not  infrequently  the 
case  in  uncompUcated  hypertrophy  of  the  prostate,  the  operation  may  be 
justified.  The  tone  and  strength  of  the  muscular  coat  of  the  bladder  arc 
best  estimated  by  watching  the  change  in  the  amount  of  residual  urine 
and  the  force  with  which  the  stream  is  propelled  through  a  catheter. 
If  the  tone  is  good,  the  urine  is  passed  vigorously  until  the  bladder  is 
empty,  without  the  use  of  the  accessory  abdominal  muscles.  If  the 
muscular  tone  is  failing,  the  stream  flows  quietly,  its  force  being  altered 
by  any  change  in  the  abdominal  muscles  and  by  respiratory  movements. 
It  may  require  pressure  with  the  hand  to  completely  empty  the  bladder. 
Under  these  circumstances  the  organ  does  not  contract  uniformly,  but 
often  falls  into  folds  leaving  separate  pouches  filled  with  urine.  In  such 
cases  overdistention  may  temporarily  increase  the  impairment  of  tone. 
It  is  said  that  the  persistent  use  of  a  catheter  sooner  or  later  results  in 
complete  distention,  and  that  in  two  years'  time  the  expelling  power  will 
not  return.  This  may  be  true  when  the  difficulty  is  due  to  a  nerve  lesion. 
On  the  other  hand,  if  the  obstruction  is  mechanical,  a  catheter  may  be 
used  for  many  years  without  any  impairment  of  the  expelling  power  and 
the  patient  will  completely  empty  his  bladder  after  the  obstruction  has 
been  removed.  The  overflow,  often  observed  in  the  presence  of  prostatic 
enlargement,  usually  begins  at  night  when  the  patient  is  relaxed,  but 
may  be  brought  on  by  sudden  exertion. 

Incontinence  is  not  a  common  symptom  of  uncomplicated  prostatic 
enlargement.  If  there  is  true  incontinerice,  the  bladder  is  always  found 
empty  since  the  urine  passes  out  as  quickly  as  it  enters,  but  if  the  leakage 
of  urine  is  due  to  overflow,  the  bladder  is  always  completely  filled  and 
just  a  small  amount  escapes.  Incontinence  may  be  due  to  the  fact  that 
the  enlargement  of  the  prostate  keeps  both  the  external  and  internal 
bladder  sphincters  continuously  relaxed.  However,  we  have  never  found 
a  total  incontinence  of  urine  due  to  enlargement  of  the  prostate.  In 
many  cases  of  enlargement  of  the  prostate  we  have  seen  a  toss  of  func- 
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tion  of  the  internal  sphiacter  so  that  the  bladder  and  prostatic  urethra 
were  one  continuous  cavity,  but  in  all  instances  the  sphincter  external 
to  this  part  of  the  urethra  was  normal  and  did  not  allow  the  urine  to 
escape.  This  shows  how  important  it  is  not  to  disturb  the  external 
sphiacter  in  operating  for  enlargement  of  the  prostate. 

True  incontinence  is  usually  due  to  the  lesion  in  the  nervous  system. 
With  the  exception  of  trauma,  tabes  dorsalis  is  the  most  common  form. 
Bladder  symptoms  may  be  the  very  first  indication  of  locomotor  ataxia, 
and  as  the  enlargement  of  the  gland  and  tabes  dorsalis  occur  at  about  the 
same  age  and  time  of  life,  it  is  easy  to  make  a  mistake  in  the  diagnosis  by 
attributing  the  urinary  symptoms  to  the  enlargement  of  the  gland,  when 
in  reality  they  are  due  to  the  condition  of  the  nervous  system.  In 
only  a.  few  selected  cases  of  coexisting  enlargement  of  the  gland  and  tabes 
dorsalis  should  operative  interference  be  undertaken.  It  is  easily  seen 
that  if  the  condition  is  due  to  a  lesion  of  the  nervous  system  relief  will 
not  be  obtained  by  operating,  and  in  all  probability  many  patients  are 
better  off  with  some  mechanical  obstruction  due  to  the  enlarged  gland 
than  th«y  would  be  with  the  obstruction  removed  and  with  total  incon- 
tinence of  urine.  AH  tabetics  do  not  have  involvement  of  the  portion 
of  the  cord  which  controls  the  urinary  mechanism,  so  that  a  person  may 
have  tabes  dorsalis  and  also  have  good  control  of  the  bladder  sphincter. 
Fortunately,  the  presence  or  absence  of  sphincter  control  can  be  demon- 
strated by  a  careful  cystoscopic  examination.  If  the  cystoscopist  finds 
that  the  sphincter  is  functionating  and  that  the  symptoms  are  due  to  the 
enlargement  of  the  prostate,  it  is  proper  to  remove  the  gland  since  good 
functional  results  are  obtained,  even  though  tabes  is  present.  This  is 
a  very  important  consideration.  We  have  frequently  observed  patients 
with  a  loss  of  sphincter  control  who  said  that  under  these  circumstances 
existence  was  almost  unbearable.  When  there  is  not  a  total  incon- 
tinence but  extreme  urgency  of  urination,  the  condition  is  nearly  as  dis- 
tressing because  it  necessitates  the  wearing  of  a  urinal  in  order  to  keep 
the  clothing  dry.  The  functional  result  may  be  one  of  the  chief  con- 
siderations in  all  prostatic  and  bladder  cases.  It  should  be  very  carefully 
considered  before  any  operation  is  attempted,  especially  if  the  patient  is 
suffering  from  tabes  dorsalis.  When  the  clinical  evidence  of  advanced 
cord  lesion  is  well  marked,  there  being  ataxia,  cerebral  symptoms,  or 
incontinence  resulting  from  weakness  of  the  external  sphincter,  opera- 
tion would,  of  course,  be  contraindieated.  If,  however,  the  cord  lesion 
is  determined  only  after  a  careful,  painstaking  examination,  it  may  be 
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necessary  to  make  a  oareful  cystoscopic  examination  in  order  to  deter- 
mine the  major  factor  in  the  urinary  obstruction. 

The  data  obtained  by  cystoscopic  examination  of  patients  suffering 
from  lesions  of  the  central  nervous  system  are  of  much  importance  in  the 
differential  diagnosis.  In  instances  in  which  the  urinary  obstruction  is 
caused  by  such  cord  lesions,  typical  changes  in  the  appearance  of  the 
interior  of  the  bladder  and  the  sphincters  may  be  observed  by  cystoscopic 
and  urethroscopic  examination.  The  changes  usually  regarded  as  typi- 
cal and  which  are  most  prominent  are  the  characteristic  trabeculation 
and  relaxation  of  the  sphincters.  The  trabeculse  are  not  as  coarse  as  is 
usual  when  there  is  mechanical  obstruction.  They  appear  more  ridge- 
like and  frequently  extend  continuously  over  a  large  part  of  the  circum- 
ference of  the  bladder.  Caulk  and  Greditzer  maintain  that  the  condition 
of  the  sphincters  is  of  great  importance  in  the  diagnosis.  In  a  recent 
article  they  described  the  relaxed  condition  of  the  internal  sphincter 
and  prostatic  urethra.  This  atonic  state  of  the  prostatic  urethra  is 
usually  accompanied  by  a  reduction  in  sensation. 

Young,  in  an  article  in  which  he  described  a  punch  operation  for  re- 
moving median  bars,  also  says  he  has  operated  on  several  tabetics  in 
this  way  with  fairly  satisfactory  results. 

In  reviewing  the  surgical  records  of  the  Clinic,  it  was  found  that  a 
prostatectomy  has  been  done  in  nine  patients  in  whom  there  was  definite 
evidence  of  a  cord  lesion  on  clinical  examination.  There  were  also  a 
number  of  patients  with  well-marked  hypertrophy  of  the  prostate  who 
gave  a  definite  history  of  early  lues.  Several  of  these  had  a  positive 
Wassermann  reaction  but  no  clinical  evidence  of  a  cord  lesion  and  were 
consequently  not  included  in  this  series.  A  study  of  the  clinical  data 
and  a  review  of  the  postoperative  results  obtained  are  of  considerable 
interest. 

As  regards  the  subjective  symptoms  other  than  the  urinary  diflBculty 
there  was  an  absence  of  definite  data  and  more  confusion  than  b  usual 
in  cases  of  cord  lesions.  The  examination  of  the  nervous  system  of  most 
of  the  patients  operated  on  showed  that  the  upper  portion  of  the  cord  was 
more  involved  than  the  lower.  The  absence  of  incontinence  after  the 
operation  in  all  cases  would  seem  to  corroborate  the  accuracy  of  the  pre- 
operative examination  of  the  nervous  system.  Only  three  patients  of 
the  nine  gave  a  positive  history  of  having  had  an  initial  lesion.  Two 
gave  a  history  of  having  had  pain  referred  to  the  extremities,  and  this 
only  to  a  moderate  degree.     A  slight  degree  of  ataxia  was  noted  in  two 
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patients.  Although  in  six  cases  the  onset  of  symptoms  had  occurred 
more  than  ten  years  previous  to  our  examination,  in  only  one  had  it 
been  noted  before  the  prostatic  age.  The  initial  symptom  was  usually 
frequency  of  urination,  difficulty  becoming  predominant  later.  The 
catheter  was  used  entirely  in  five  cases  and  partially  in  the  remaining 
five.  A  slight  degree  of  incontinence  was  complained  of  in  two  cases. 
In  both  of  these,  however,  there  was  a  large  amount  of  residual  urine 
and  the  incontinence  might  be  explained  in  part  as  being  an  overfiow. 

Examination  of  the  nervous  system  revealed  the  fact  that  the  dif- 
ferent reactions  varied  from  the  normal  to  a  moderate  degree.  The 
patellar  reflex  was  entirely  absent  in  two  cases  and  markedly  exaggerated 
in  two.  The  Argyll-Robertson  pupil  was  present  in  four  cases,  a  definite 
Romberg  in  three,  and  a  moderate  ataxia  in  two.  The  Wassermaon 
reaction  was  positive  in  two  cases  and  negative  in  five.  The  amount  of 
residual  urine  varied  from  one  to  fourteen  ounces  in  the  five  cases  in 
which  the  catheter  had  been  partially  used.  The  functional  tests 
(phenol sulphonephthalein)  in  all  cases  were  more  than  40  per  cent  at 
the  time  of  the  operation. 

On  cystoscopic  examination,  as  might  be  expected,  the  evidence  of 
cord  lesion  was  overshadowed  by  the  changes  resulting  from  mechanical 
urinary  obstruction.  The  internal  sphincter  was  relaxed  in  one  case, 
but  the  external  sphincter  was  not  relaxed  in  any.  As  is  usual  in  the 
presence  of  a  cord  lesion,  cystitis  was  present  only  in  a  moderate  degree. 
Stone  in  the  bladder  was  a  complication  in  one  case.  The  degree  of 
trabeculation  was  marked  in  only  five  cases,  a  fact  suggestive  of  cord 
lesion.  It  would  seem  that  when  the  gland  is  enlarged  it  might  be  diffi- 
cult to  determine  by  cystoscopic  examination  whether  or  not  the  urinary 
sphincters  are  relaxed.  However,  the  knowledge  of  the  exact  degree  of 
relaxation  may  not  be  necessary  to  determine  the  advisability  of  opera- 
tion, since  the  character  of  the  trabeculations  and  the  appearance  of 
the  bladder-wall  together  with  the  presence  or  absence  of  incontinence 
and  the  clinical  findings  will  usually  offer  sufficient  data. 

During  this  same  period  a  large  number  of  patients  were  examined 
who  had  well-marked  clinical  evidence  of  cord  lesions,  and  more  or  less 
residual  urine.  On  cystoscopic  examination  they  also  showed  definite 
evidence  of  cord  lesion.  Some  of  these  patients  had  a  moderate  degree 
of  hypertrophy  of  the  prostate  and  the  advisability  of  prostatectomy 
might  have  been  considered.  However,  the  general  condition,  the  well- 
advanced  degree  of  the  cord  lesion  as  evidenced  by  the  clinical  symp- 
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toms,  the  dilated  atonic  bladder,  and  the  relaxed  condition  of  the  sphinc- 
ters contraindicated  operation. 

In  the  majority  of  patients  in  advanced  stages  of  tabes,  however, 
even  though  retention  is  present,  the  prostate  appears  smaller  than  nor- 
mal upon  palpation  per  rectum,  and  there  is  an  abnormal  relaxation  of 
the  tissues  about  the  prostatic  area.  Therefore  the  advisability  of 
operation  would  depend  largely  on  the  comparative  degree  of  cord  in- 
volvement. When  it  is  evident  that  the  sphincter  itself  is  not  relaxed, 
that  there  is  sufficient  hypertrophy  of  the  prostate  to  account  for  the 
urinary  obstruction,  and  that  the  general  condition  is  favorable,  pros- 
tatectomy may  be  attempted. 

In  this  connection  we  may  refer  also  to  the  so-called  atonic  bladder. 
This  condition,  which  has  been  fully  described  by  Walker,  is  char- 
acterized by  a  dilated  bladder  and  residual  urine  without  any  definite 
evidence  of  disease  in  the  nervous  system  or  any  clinical  cause  to  account 
for  the  obstruction.  Another  cause  for  urinary  obstruction  is  occa- 
sionally observed  in  cases  in  which  the  prostatic  hypertrophy  obstructs 
the  urethra  without  causing  an  enlargement  that  can  be  palpated  on 
rectal  examination  or  observed  by  cystoscopic  examination.  Urethro- 
scopic  examination  alone  will  reveal  a  peculiar  overlapping  of  the  lateral 
prostatic  lobes  which  may  cause  marked  urinary  obstruction. 

Answers  to  letters  of  inquiry  relative  to  the  postoperative  results  in 
these  nine  cases  have  been  received  from  eight  of  the  patients.  One 
patient  died  eighteen  months  after  the  operation.  The  other  eight  are 
reported  in  good  condition  and  have  no  urinary  difficulty  except  in  one 
instance.  The  latter  was  the  last  patient  in  the  series  to  be  operated  on, 
the  operation  having  been  performed  some  six  months  before.  He  still 
complains  of  considerable  frequency  of  urination  and  recently  of  a  slight 
degree  of  incontinence.  The  results  indicate  that  prostatic  hypertrophy 
was  the  predominant  factor  in  the  obstruction.  Three  of  the  patients 
underwent  a  thorough  course  of  antisyphilis  treatment,  including  in- 
jections of  salvarsan.  This  treatment  seemed  advisable,  following  the 
operation,  as  a  preventive  measure. 

Case  RepORTa 

Case  52394.^ — A  patient,  seventy-two  years  of  age.  No  history  of  lues 

or  previous  diseases.     He  had  had  trouble  for  fourteen  years,  beginning 

with  increased  difficulty  in  urination.     A  catheter  had  been  used  part 

of  the  time  recently;  some  pain  in  the  suprapubic  region,  perineum,  and 
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bladder.  A  general  examination  of  the  nervous  system  did  not  reveal 
a  oord  lesion.  Cystoscopic  examination  showed  14  ounces  of  residual 
urine  and  a  typical  picture  of  cord  bladder.  Cystitis  (1  on  a  scale  of  4). 
Trabeculations  were  typical  of  cord  lesion.  Suprapubic  prostatectomy 
was  performed  July  28,  1911.  The  patient  returned  about  a  year  later 
for  the  removal  of  stones.  The  use  of  a  catheter  was  necessary  occa- 
sionally, although  the  functional  result  was  fair  and  apparently  much 
benefit  was  derived  from  the  operation. 

Case  64477. — ^A  patient,  fifty-one  years  of  age,  who  gave  a  history  of 
having  had  lues.  He  came  for  treatment  for  urinary  difficulty  which 
had  started  two  years  previously.  Bladder  symptoms  were  marked;  a 
catheter  had  been  used  continuously  for  three  weeks,  and  there  was  con- 
siderable sacral  pain.  Examination  of  the  nervous  system  showed  that 
there  was  slight  urinary  incontinence.  Right  patellar  reflex  absent, 
left  exaggerated.  Pupillary  reflexes  slow.  Romberg  absent.  One  ounce 
of  residual  urine;  prostate  enlarged,  2;  a  moderate  degree  of  cystitis. 
The  cystoscopic  picture  was  not  wholly  characteristic.  Blood  Wasser- 
mann  test  positive.  A  suprapubic  prostatectomy  was  performed  Janu- 
ary 10,  1918,  and  a  good  functional  result  was  obtained.  One  month 
after  the  operation  it  became  necessary  to  pass  a  sound  a  few  times. 

Case  74858. — A  patient,  seventy  years  of  age,  with  a  history  of  five 
years  of  urinary  difficulty.  Three  years  previously  he  had  bad  an  attack 
of  sudden  retention;  he  complained  of  pain  in  the  back,  legs,  and  supra- . 
pubic  region.  Examination  of  the  nervous  system  showed  an  absence 
of  patellar  reflexes.  Ataxia  was  marked.  Examination  of  the  bladder 
showed  enlargement  of  the  prostate,  3.  The  urine  was  all  residual. 
There  was  marked  typical  bladder  trabeculation.  Suprapubic  pros- 
tatectomy October  14,  1012.  Following  the  operation  he  had  a  little 
difficulty  in  urinating.     He  died  in  March,  eighteen  months  later. 

Case  82406.— ^A  patient,  sixty-five  years  of  age.  Three  weeks  before 
coming  for  examination  he  had  had  a  severe  hemorrhage  from  the  blad- 
der. During  the  past  two  years  he  had  had  slight  hematuria  and  had 
used  a  catheter  almost  continuously  for  several  weeks.  Examination 
of  the  nervous  system  showed  most  of  the  characteristic  symptoms  of 
tabes.  Examination  of  the  bladder  showed  that  all  of  the  urine  was 
residual;  cystitis,  2,  stones  in  the  bladder  and  marked  trabeculation  of 
the  typical  cord  lesion  type.  Blood  Wassermann  test  positive.  Supra- 
pubic prostatectomy  was  performed  April  30,  1913.  A  large  tabetic 
bladder  with  a  thick  wall  and  poor  contracting  power  was  found.  The 
result  in  this  case  was  very  satisfactory  although  stones  formed  in  the 
bladder  and  were  removed  elsewhere  a  year  or  more  later. 

Case  89916. — A  patient,  sixty-two  years  of  age,  who  gave  a  history 
of  having  had  lues.  He  came  because  of  urinary  difficulty  which  he  had 
had  for  six  months.    A  catheter  had  been  used  continuously  for  two 
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months.  He  had  an  Argyll-Robertson  pupil  and  Bomberg.  Cysto- 
scopic  examination  showed  a  typical  cord  bladder,  and  in  addition,  con- 
siderable cystitis.  The  trabeculation  was  characteristic.  Suprapubic 
prostatectomy  April  4,  1916.  At  the  present  time  {May,  1917)  this 
patient  reports  that  he  has  gained  20  pounds  and  has  no  urinary  diffi- 
culty or  hematuria. 

Case  107150.— A  patient,  fifty-four  years  of  age,  with  a  history  of 
having  had  an  injury  to  the  spine  thirty-three  years  previously.  Since 
that  time  there  had  been  some  difficulty  in  urinating,  though  most  of  the 
trouble  had  come  in  the  last  three  years.  A  catheter  had  been  used  a 
part  of  the  time.  Examination  of  the  nervous  system  showed  an  absence 
of  the  patellar  reflexes.  Bladder  examination  revealed  10  ounces  of 
residual  urine.  The  internal  bladder  sphincter  was  relaxed  and  there 
was  considerable  cystitis  and  very  marked  trabeculation  of  the  cord 
lesion  type.  Suprapubic  prostatectomy  June  17,  1914.  A  very  large, 
thick- walled  bladder  was  found,  and  after  the  operation  there  was  a 
moderate  degree  of  incontinence  which  persisted  for  several  months. 
This  gradually  lessened  and  at  the  present  time  the  functional  result  is 
very  good,  the  patient  reporting  that  he  has  no  trouble  of  any  kind. 

Case  114446.^A  patient,  seventy-four  years  of  age.  He  had  had 
some  sort  of  an  injection  over  the  bladder  region  fifty-three  years  previ- 
ously. He  had  had  his  frequency  for  about  twenty  years  and  had  used  a 
.  catheter  almost  continuously  for  three  years.  Examination  of  the  ner- 
vous system  showed  slight  urinary  incontinence;  patellar  reflexes  ab- 
sent; Romberg  present;  ataxia.  Bladder  examination  showed  nearly 
all  the  urine  to  be  residual;  cystitis  2,  with  the  characteristic  trabecula- 
tions  and  relaxation  of  the  bladder  seen  in  these  cord  cases.  A  supra- 
pubic prostatectomy  was  performed  September  24,  1914,  with  a.  good 
result  except  that  the  frequency  persists  and  urination  occurs  every  few 
hours. 

Case  177201. — A  patient,  sixty-eight  years  of  age,  who  had  had 
urinary  frequency  for  fifteen  years  and  had  used  a  catheter  off  and  on  for 
two  years.  He  complained  of  some  pain  in  his  legs.  Examination  of 
the  nervous  system  showed  that  the  patellar  reflexes  were  diminished 
and  the  pupils  responded  slowly;  Romberg  present.  A  bladder  ex- 
amination showed  6  ounces  of  residual  urine;  cystitis  2.  A  suprapubic 
prostatectomy,  performed  November  21,  1916,  had  a  satisfactory  result 
as  far  as  function  is  concerned,  but  the  cystitis  has  persisted,  and  occa- 
sionally there  is  some  difficulty  of  urination  and  the  passage  of  a  little 
blood. 

Case  178746. — A  patient,  sixty-seven  years  of  age,  with  a  history  of 
having  had  lues.  He  came  because  of  difficulty  of  urination  which 
began  ten  years  before.  He  had  used  a  catheter  off  and  on  for  nine 
months.     On  examining  his  nervous  system  it  was  found  that  the  pupil- 
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lary  reflexes  were  unequal  and  sluggish.  Romberg  was  present.  Blad- 
der examination  showed  eight  ounces  of  residual  urine  with  cystitis  and 
typical  trabec Illations.  A  suprapubic  prostatectomy  was  performed 
December  20,  1916,  and  was  an  entire  success.  The  patient  still  com- 
plains of  feeling  awkward  below  the  knees. 
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The  history  of  the  surgery  of  the  prostate  does  not  date  back  as  far 
as  that  of  the  surgery  of  many  other  organs.  The  results  following 
surgery  in  the  early  days  were  often  unsatisfactory  in  patients  who  sur- 
vived the  operation.  For  such  reasons  the  development  of  this  branch 
of  surgery  has  not  been  especially  rapid,  and  various  types  of  operations 
and  methods  of  operating  have  been  advocated  and  tried. 

A  satisfactory  etiology  has  not  been  offered  to  explain  the  develop- 
ment of  the  fibro-adenomatous  hypertrophy  which  is  by  far  the  most 
common  pathologic  condition.  I  shall  discuss  in  this  paper  some  of  the 
points  dealing  with  the  surgery  of  this  type  of  benign  enlargement  oc- 
curring in  the  prostate.  Fibro-adenomatous  hypertrophy  probably 
describes  the  pathologic  lesion  better  than  any  other  term,  although  I 
am  convinced  that  the  enlargement  in  the  prostate  bears  the  same  rela- 
tion to  that  gland  that  many  other  neoplasms  bear  to  the  glands  in 
which  they  arise.  The  term  prostatectomy  is  incorrect  in  the  sense  of 
removing  the  gland.  I  have  demonstrated  many  times  that  the  tissue 
we  leave  and  which  forms  the  so-called  capsule  is  prostatic  tissue.  The 
enlargement  which  is  removed  in  performing  the  operation  is  enucleated 
from  the  gland  in  much  the  same  manner  that  an  adenoma  is  removed 
from  the  thyroid,  or  a  fibroid  tumor  from  the  uterus.  While  the  lesion 
apparently  begins  in  the  so-called  median  or  lateral  lobes,  I  believe  that 
most  often  the  enlargement  itself  occurs  as  a  single  lesion  and  is  not 
divided  into  lobes.  At  least  it  is  certain  that  in  the  transvesical  enu- 
cleation of  the  enlargement  it  will  usually  be  removed  in  one  piece. 

A  considerable  part  of  the  early  surgery  of  the  prostate  was  done  in 
England  and  France,  though  I  believe  there  can  be  no  question  that  it 
ba^  advanced  farther  in  this  country  than  eisewhere.  The  valuable 
work  done  in  several  of  our  clinics  on  the  preliminary  preparation  of  the 

•  Read  before  the  Section  on  Surgery  of  the  Medical  Society  of  the  State  of  Pennsyl- 
vania, Pittsburgh  Sesuon,  Sept.  26,  191T.  Reprinted  fn>m  the  Pennsylvania  Med.  Jour., 
1917,  xii,  72-75. 
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patients  for  operation,  the  development  of  accurate  technic,  and  the 
proper  after-care  has  greatly  reduced  the  mortality  and  established  very 
satisfactory  results. 

The  cautery  operation,  as  advocated  by  Bottioi  and  others,  was  at 
one  time  employed  considerably,  undoubtedly  because  of  the  high  mor- 
tality following  other  methods  of  operating.  This  is  probably  seldom 
if  ever  used  now. 

The  punch  operation  as  devised  by  Young  undoubtedly  is  very 
useful  in  selected  cases,  especially  in  the  type  of  small,  hard,  fibrous 
enlargement  which  is  frequently  difficult  to  remove  otherwise.  The 
punch  operation  is  not  a  simple  procedure:  it  requires  considerable  skill 
to  perform  it  accurately.  Open  operations  will  be  required  afterward 
on  some  of  the  patients  who  have  been  operated  on  by  this  method. 

In  the  development  of  operations  for  the  removal  of  the  enlargement 
from  the  prostate,  much  controversy  arose  between  advocates  of  the 
perineal  and  the  suprapubic  or  transvesical  method  of  operating.  While 
most  surgeons  are  now  performing  the  suprapubic  operation  because  of 
the  assured  functional  result,  nevertheless  many  are  employing  the 
perineal  method  on  account  of  the  claim  of  lower  mortahty.  The 
transvesical  operation  is  technically  easier  to  perform  and  is  not  liable 
to  be  followed  by  complications  such  as  injury  to  the  rectum  and  per- 
manent fistulas  which  occasionally  follow  the  perineal  method.  Further- 
more, the  transvesical  is  a  much  more  accurate  and  definite  surgical 
procedure,  since  it  is  possible  to  inspect  the  inside  of  the  bladder  and 
perform  each  step  of  the  operation  under  the  guidance  of  the  eye.  In 
operating  through  the  perineum,  the  condition  of  the  bladder  and  the 
extent  of  the  median  part  of  the  enlargement  must  be  determined  by 
previous  cystoscopic  examination  or  by  the  finger  introduced  into  the 
bladder  at  the  time  of  operation.  If  the  perineal  operation  is  done,  a 
large  incision  should  be  made  so  that  any  injury  to  the  control-muscle 
fibers  may  be  corrected.  If  the  perineal  operation  has  any  advantage 
over  the  transvesical,  it  is  in  the  lessened  liability  to  infection.  The 
tissues  in  the  perineum  are  less  susceptible  to  infection  than  are  those  . 
in  the  prevesical  space.  Infection  is  such  an  important  consideration 
in  these  cases  that  it  is  necessary  to  resort  to  the  perineal  operation  with 
some  chance  of  an  unsatisfactory  functional  result  or  else  to  develop  a 
definite  transvesical  technic,  which,  with  the  aid  of  other  improvements, 
will  control  the  factor  of  infection.  Infection  in  itself  may  not  be 
especially  evident  locally  and  may  not  seem  severe,  though  it  apparently 
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has  a  characteristic  effect  aod  sometimes  a  most  serious  outcome.  To 
illustrate  what  is  meant  by  this  characteristic  effect,  I  should  like  to 
compare  this  condition  with  other  surgical  procedures,  for  example: 

A  patient  at  the  prostatic  age,  having  cancer  of  the  stomach  or  of 
the  colon,  is  to  be  operated  on  for  one  of  these  conditions.  The  opera- 
tion would  probably  require  an  hour's  time;  it  might  mean  the  soiling 
and  infection  in  the  abdominal  tissues,  and  yet  a  very  large  percentage 
of  such  patients  recover  after  this  more  serious  operation.  If,  however, 
the  same  patient  should  have  retention  of  urine  during  his  convalescence 
so  that  catheterization  were  necessaiy,  recovery  would  be  greatly 
retarded,  and  in  all  probability  if  death  ensued  it  would  be  owing  to  this 
disturbance,  which  necropsy  would  show  to  be  due  to  infection  in  the 
geni to- urinary  tract,  rather  than  to  the  effects  of  the  operation  on  the 
stomach  or  colon.  It  would  seem  that  the  patient  with  prostatic  trouble 
coming  for  treatment  already  has  some  infection  or  at  least  permanent 
injury  of  his  kidneys,  and  that  the  elimination  of  certain  toxins  through 
the  impaired  kidneys  may  result  very  seriously.  The  mortality  in 
prostatic  cases  is  owing  largely  to  uremia,  brought  about  by  an  infection 
which  throws  the  elimination  of  toxins  to  already  damaged  kidneys. 

The  degree  of  infection  in  the  perineal  or  prevesical  tissues  may  not 
seem  great,  and  yet  the  general  effect  is  pronounced.  A  two-step 
operation  has  been  advocated  by  some  surgeons  because  of  the  impor- 
tance of  avoiding  infection.  I  do  not  believe  this  is  often  necessary  or 
advisable.  It  is  most  important  to  carry  out  preliminary  preparation 
in  a  large  percentage  of  the  cases,  a  measure  which  has  done  more  for 
the  surgery  of  the  prostate  than  any  other  one  factor.  Preparation 
consists  in  ridding  the  patient  of  residual  urine,  cleaning  up  the  infection, 
and  increasing  resistance  as  much  as  is  possible.  The  withdrawal  of 
residual  urine  and  the  preparation  of  the  bladder  by  the  use  of  the 
urethral  catheter  is  preferable  to  preliminary  drainage  of  the  bladder 
through  the  prevesical  space.  In  some  cases  it  is  impossible  to  pass  a 
catheter,  and  in  others  large  stones  in  the  bladder  may  complicate  the 
condition  so  that  it  may  occasionally  be  necessary  to  perform  the 
operation  in  two  steps.  Serious  conditions  may  arise  and  seemingly 
unfortunate  results  follow  urethral  catheterization,  though  I  feel  certain 
that  there  will  be  much  more  frequent  and  more  serious  trouble  following 
the  drainage  through  a  suprapubic  incision.  After  the  bladder  has  been 
opened  and  drained,  and  a  sinus  has  persisted  for  some  time,  it  is  difficult 
to  do  an  accurate  operation  through  the  opening  without  greatly  en- 
'17—17 
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larging  it,  and  if  the  opening  is  enlarged  the  other  tissues  are  immediately 
exposed  to  infection.  If  the  gland  is  large,  it  may  require  exinfiiderable 
extension  of  the  incision  in  order  to  remove  it.  If  a  drainage  operation 
has  been  performed  previously,  the  prevesical  tissues  will  be  firm  and 
resistant  and  it  may  be  difficult  to  reach  the  lower  part  of  the  enlarge- 
ment. This  difficulty  may  be  partly  overcome  by  introducing  the 
finger  or  some  kind  of  an  elevator  into  the  rectum,  thereby  lifting  the 
gland  up  into  the  bladder.  However,  I  believe  this  should  be  avoided 
whenever  possible  because  it  may  invite  infection  and  necessitate  a  much 
deeper  anesthesia  than  is  otherwise  required  in  such  cases.  It  is  seldom 
necessaiy  to  employ  this  procedure  in  doing  the  one-stage  operation,  as 
the  gland  will  be  readily  elevated  as  soon  as  the  enucleation  is  begun. 
We  have  never  seen  injur}'  to  the  rectum  in  performing  the  suprapubic 
operation. 

The  nature  of  the  infection  is  not  easily  determined.  The  colon 
bacillus  certainly  plays  a  very  important  part.  Thb  bacillus  may  be 
derived  from  the  urine  of  practically  every  prostatic  patient.  If  it  is 
not  present  on  the  first  examination,  it  is  certain  to  become  evident  after 
any  form  of  treatment  has  been  instituted.  The  urine  may  be  free  from 
organisms  on  the  first  examination  and  apparently  it  makes  no  difference 
whether  the  treatment  is  begun  by  interval  catheterizations,  in-dwelling 
catheter,  preliminary  cystostomy.  or  a  primary  prostatectomy.  Within 
a  very  few  days  after  any  one  of  these  procedures  colon  bacilli  will  be 
found  in  the  urine.  It  would  seem  as  though  contamination  might 
account  for  this  at  times,  though  it  would  scarcely  be  responsible  in  every 
instance.  Whether  this  infection  has  its  origin  in  the  kidney,  bladder, 
or  prostate  itself,  is  difficult  to  determine.  Some  investigators  believe 
that  it  is  primary  in  the  tissues  about  the  prostate,  and  that  the  organ- 
isms pass  from  these  tissues  into  the  lymphatics,  then  into  the  blood- 
stream, and  are  eliminated  through  the  kidneys  (Crabtree  and  Cabot). 
These  investigators  found  colon  bacilli  in  the  blood  two  hours  after  a 
chill  in  a  patient  who  was  being  prepared  by  an  in-dwelling  catheter. 
There  were  no  organisms  in  the  urine  at  this  time  though  they  appeared 
se^^ral  hours  afterward.  Crabtree  and  Cabot  interpreted  this  to  mean 
that  the  organisms  were  passed  from  the  prostatic  tissues  into  the  blood- 
stream and  thence  to  the  kidneys.  In  our  own  investigations  we  have 
found  colon  bacilli  in  the  urine  in  practically  all  cases,  but  so  far  we 
have  been  unable  to  get  a  positive  blood  culture.  We  have  taken 
cultures  from  the  blood  at  all  stages  of  the  preliminary,  operative  and 
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postoperative  periods,  and  at  definite  intervals  following  chills,  and  in 
each  instance  the  culture  was  negative.  While  we  are  inclined  to  believe 
that  these  infections  are  frequently  transmitted  by  the  blood-stream, 
we  have  no  definite  evidence  in  oiir  cases  to  support  this  theory.  In 
our  necropsy  studies  of  operative  and  non-operative  cases,  we  have 


Fif.  41. — BvpvmtiDg  tbc  blaadcr  mucosa  from  the  cdUtjthJ  prmUt^  with  duwntiiig  Inrcrp^    Prattat«  bcinff 
Btttd  into  tbt  Geld  nitb  i  climp. 

learned  that  often  the  most  severe  infection  is  found  in  the  tissues  of  the 
kidney  and,  furthermore,  the  kidney  may  be  practically  the  only  tissue 
infected.  This  is  evidence  which  makes  us  believe  that  the  kidney  may 
sometimes  be  the  primary  seat  of  the  infection  instead  of  being  secondary 
to  some  focus  in  the  prostate  or  bladder. 

In  addition  to  the  local  preparation  by  means  of  the  catheter  we 
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believe  positively  that  the  patient's  general  resistance  to  infection  has 
been  increased  by  the  use  of  vaccine.     It  is  our  custom  to  give  stock 


colon  vaccine,  and  we  believe  that  it  may  not  only  help  the  patient  to  a 
comfortable  convalescence  free  from  temperature  and  chills,  but  that  it 
may  also  be  a  factor  in  lessening  complications  and  in  reducing  mor- 
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tality.  The  patients  are  given  vaccines  every  three  days  during  their 
preoperative  and  postoperative  treatment.  The  dosage  starts  with 
50  million  bacilli  and  is  increased  in  the  course  of  nine  days  to  500 
million,  the  maximum  dose.  All  patients  are  required  to  have  three 
preoperative  inoculations;  the  average  number  receive  about  seven.  In 
comparing  the  records  of  28  vaccinated  patients  with  23  non-vaccinated 
patients,  it  was  found  that  those  vaccinated  remained  in  the  hospital 
an  average  of  two  and  one-half  days  less  and  were  discharged  a  half  week 
earlier.  The  most  striking  comparison,  however,  was  the  fact  that  there 
were  eleven  complications  in  the  non-vaccinated  patients  to  three  in  the 
vaccinated.* 

Because  of  the  general  condition  and  the  age  of  patients,  the  opera- 
tion has  often  been  performed  as  quickly  as  possible.  While  it  seems 
right  that  time  should  be  something  of  a  factor  in  the  operation,  never- 
theless, a  definite  surgical  technic  should  not  be  sacrificed  in  order  to 
complete  the  procedure  quickly.  A  little  more  time  would  be  well  spent 
to  make  sure  that  the  surrounding  tissues  are  not  soiled  unnecessarily; 
that  the  bleeding  is  entirely  controlled,  and  that  the  sutures  are  accu- 
rately placed  in  the  tissues  so  that  the  urine  will  drain  through  the  tube 
without  infecting  the  prevesical  space.  The  technic  of  the  operation  is 
more  important  than  the  time  consumed.  This  is  also  an  argument  in 
favor  of  the  transvesical  method,  as  it  is  possible  thereby  to  make  the 
operation  a  more  definite  and  accurate  surgical  procedure  than  by  any 
other. 

TABLE  1.— DATA  FROM  HISTORIES  OF  *6  PROSTATECTOMIZED  PATIENTS 
(JANUARY  ],  1917,  TO  SEPTEMBER  1, 1917) 

V«crlK»  No  Vaccinb 

fS  Patients  «3  P:inBtm 

Caspa  of  epi<Iidyinitis 3  5 

Cases  of  pvelonqihritis 1  5 

Caaea  of  phlebitis 0  I 

Weeks  of  preoperative  treatment 9.3  3 

Average  aumber  of  doses  of  vacdne  (preopers- 

tive) T  0 

Weeks  of  postoperative  trestmeat 4.5  5 

Day*  in  the  hospiul 8  10.3 

Average  age.' 60  62 

We  have  employed  local  anesthesia  in  a  few  instances,  and  spinal 
anesthesia  in  a  considerable  number,  without  finding  either  an  advan- 
tage. General  etherization  has  been  most  satisfactory.  The  anesthesia 
is  not  deep  and  lasts  only  for  a  short  time.     Pulmonary  complications 

*  AdmiuistTBtion  tA  the  vaccine  has  been  done  in  our  clinic  by  Dr.  H.  C.  Bumpus. 
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very  rarely  occur  in  these  patients.  In  addition  to  the  ether,  0.5  per  cent 
of  novocain  is  injected  into  the  prostatic  capsule  as  soon  as  the  bladder 
is  opened.  This  seems  helpful  in  several  ways:  (1)  It  almost  entirely 
controls  the  oozing  during  the  operation,  so  there  is  almost  no  loss  of 
blood  and  the  field  is  dry.  (2)  It  helps  to  free  the  enlargement  from 
the  capsule  and  in  this  manner  aids  in  the  enucleation.  (3)  It  produces 
an  anoci -association  and  thus  helps  to  avoid  shock. 

Inaccuracy  of  technic  has  been  partly  owing  to  the  inaccessibility 
of  the  region,  and  we  have  endeavored  to  overcome  this  inaccessibility 
by  improving  the  exposure.  A  self-retaining  retractor  is  used  which 
fits  into  the  incision  in  the  bladder  and  opens  it,  thereby  enabUng  us 
to  see  the  base  and  prostatic  region.  With  the  retractor  in  place,  after 
the  tumor  has  been  enucleated,  it  is  possible  to  see  any  bleeding  vesseb 
and  catch  them  with  plain  catgut  sutures.  Most  of  the  oozing  comes 
from  the  torn  bladder  mucosa,  although  at  times  a  fair-sized  spurting 
vessel  may  be  seen  down  in  the  prostatic  capsule.  Several  interrupted 
sutures  placed  to  include  a  little  of  the  bladder  mucosa  and  considerable 
of  the  prostatic  capsule  controls  all  the  bleeding  in  most  cases.  In  a 
few  instances  only  will  it  be  necessary  to  pack  the  capsule  with  gauze, 
though  this  should  be  done  in  case  the  bleeding  is  not  well  controlled. 
While  this  bleeding  will  always  stop  of  its  own  accord,  it  seems  to  me 
that  it  is  essential  to  have  absolute  control  of  it.  The  loss  of  a  small 
amount  of  blood  in  itself  is  not  so  important,  but  it  may  reduce  the 
general  resistance  to  infection  which  it  is  so  essential  to  maintain.  If  the 
bleeding  is  completely  controlled,  if  the  bladder  is  not  infected,  and  if 
the  patient  is  known  to  bear  the  urethral  catheter  well,  the  bladder  may 
be  completely  closed  and  drainage  instituted  through  a  catheter  in  the 
urethra.  The  advantage  of  completely  closing  the  bladder  is  that  it 
reduces  the  possibility  of  prevesical  infection.  If  there  is  any  uncer- 
tainty as  to  the  control  of  the  bleeding  or  the  condition  of  the  bladder, 
a  drainage-tube  should  be  left  in  the  suprapubic  wound.  If  tbe  supra- 
pubic drainage-tube  is  employed,  the  bladder  should  be  accurately 
closed  about  it,  so  that  all  the  urine  will  drain  through  the  tube.  The 
disadvantage  of  the  gauze  pack  in  the  capsule  is  that  it  allows  urine  to 
drain  into  the  prevesical  tissues. 

In  addition  to  the  drainage-tube  in  the  bladder,  we  have  recently 
used  Daktn's  solution  after  the  Carrel  technic  in  the  prevesical  space 
for  a  few  days  following  the  operation.  Our  supposition  is  that  no  infec- 
tion exbts  at  the  time  of  the  operation,  and  by  using  this  solution  we 
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may  be  able  to  produce  in  this  space  media  in  which  organisms  will  not 
survive.  Whether  this  has  been  of  any  distinct  value  we  are  unable 
to  say,  but  it  certainly  has  done  no  harm  and  unquestionably  we  are 
now  seeing  less  of  this  sort  of  infection  than  formerly. 

The  principal  point  in  the  after-care  is  to  abandon  treatment  as  far 
as  possible  and  still  keep  the  patients  comfortable.     It  is  necessary  to 


keep  the  catheter  draining;  nevertheless,  I  think  it  is  important  t* 
avoid  irrigating  the  bladder.  After  the  first  few  days,  irrigation  does 
no  harm,  but  if  employed  from  the  start,  it  tends  to  prolong  the 
oozing. 

The  following  is  a  review  of  the  patients  operated  on  by  us  between 
January  1,  1917,  and  August  24,  1917: 
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TABLE  2 

Paticnta 84 

Adenomatous  hypertrophy  and  prostatitis 78 

Carcinoma  of  the  prostate 4 

Drainage  preliminary  to  prostatectomy 10 

(Nine  under  cocain  ai^d  one  under  ether.) 

TwiMtage  operation 8 

(The  length  of  time  betKeen  drainage  and  prostatectomy  varied 
from  two  weeks  to  two  years  and  two  months.) 

Perioeal  prostatectomy 1 

Primary  suprapubic  cystostomy  for  prostatectomy T3 

Deatbs  following  preliminary  drainage H 

(One  patient  was  uremic  at  the  time  of  operation.) 

Deaths  following  drwnage  and  prostatectomy 1 

(Drained  three  months  previously;   capsule  not  injected  or  su- 
tured;  patient  transfused  with  no  benefit.) 

Prostatectomy  with  removal  of  stone S 

(Uneventful  convalescence;   bladder  drainage  in  all.) 

Prostatectomy  (diverticulum  of  the  bladder) 4 

Diverticulum  and  prostate  removed  simultaoeously 2 

Diverticulum  not  removed  at  the  lime  of  prostatectomy  or  subse- 
quently    2 

Prostatectomy  for  carcinoma 4 

Suprapubic  route , 3 

Perineal  route 1 

(Patients  with  carcinoma  received  from  iOO  to  1800  mg.  hours 
of  radium  following  operation.) 

Capsule  injected  but  not  sutured 6 

Capsule  injected  and  sutured 89 

Capsule  packed  with  gauze 6 

Bladder  closed  completely 8 

BUdder  drained  by  a  suprapubic  tube 81 

PreiTsical  Carrel  tube  and  gauze  sponge 69 

Secondary  hemorrhage  following  prostatectcsny  in  two  cases  (eleventh 
and  fifteenth  day).  In  each  case  the  capsule  had  been  in jected  and  su- 
tured and  a  bladder  tube  inserted  for  drainage.  Both  were  primary 
operations;   both  patients  recovered. 

Conclusions 

1.  The  transvesical  operation  for  the  iremoval  of  enlargements  of 
the  prostate  seems  to  be  the  moat  accurate,  technically. 

2.  With  great  care  to  avoid  infectioti,  the  operation  can  be  done  as 
safely  as,  if  not  more  safely  than,  the  perineal. 

3.  When  possible,  the  preliminary  treatment  should  be  carried  on 
by  means  of  a  urethral  catheter.as  it  permits  a  better  operation  after- 
ward. In  some  instances  it  may  be  necessary  to  do  the  operation  in 
two  stages. 

4.  Spending  a  little  more  time  with  the  patient  under  a  general 
anesthetic  will  permit  a  less  spectacular  hut  a  much  more  satisfactory 
operation  and  the  results  will  be  good. 
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The  pathology  of  the  prostate,  like  that  of  any  other  organ,  is 

dependent  on  certain  biologic  reactions  of  cells  to  antagonistic  con- 
ditions of  their  environment.' 

VSDURY  OYTOPIiAStA  The  problem,  in  considering  the 

subject,  resolves  itself  into  answer- 
ingthefollowingquestions:  (l)What 
are  the  antagonistic  conditions  which 
involve  the  prostate?  (2)  What  cells 
form  the  organ?  (3)  How  do  these 
cells  react  to  the  activity  of  antago- 
nists? (4)  How  do  the  mechanical 
conditions  of  the  oi^an  affect  its  f  unc- 
tionandthatofotherorgans?and  (5) 
--TBitobl»et»  nYjj^t  simple  terminology  may  be 
employed  to  express  the  reactions  in 
an  intelligent,  descriptive  communi- 
cation of  ideas  between  individuals 

TERTIARY  CTTOPLASIA  ^ho  have  to  deal  with  the  subject? 

Although  there  are  many  possi- 
ble antagonists  to  normal  prostatic 
.T«xtablftatB  activity,  ranging  from  direct  trauma 
to  most  if  not  all  the  existing  patho- 
logic organisms,  only  relatively  few 
have  been  described  in  connection 
vith  this  organ.  These,  briefly 
enumerated,  are  Micrococcus  gonor- 

rhoete.   Staphylococcus,   Streptococcus,   Bacillus   coli.  Bacillus    tuber- 

•  PrescDted  before  the  Section  on  Surgery  of  the  Medical  Society  ot  the  State  of  Penn- 
sylvania, Pittsburgh  Session.  Sept.  26, 1917.  Reprinted  from  the  Pennsylvania  State  Mod. 
Joui.,  1917,  xxi,  78-78. 


r*.  95  — Diurimmilic  rrpmoiU. _. 

Lbr»  rqictiooi  which  lakf  plaw  Id  Uk  glandular 
rpLtheLium  [mdenota)  id  tliF  pnutrnte. 
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culosis,  and  Treponema  pallida.  Descriptions  of  the  peculiarities 
of  reactions  produced  by  each  of  these  would  be  extremely  academic 
because  practically  every  text-book  describes  them  in  true  classic 
form. 

The  biologic  effects  of  these  and  other  antagonists  resolve  themselves 
into  the  following  definite  reactions  of  all  cells  when  in  conflict  with 
unfavorable  environment: 

I.  Cytolysis  (dissolution),  which  may  be  morphologically  divided 

^gW  — Adanooytoa 


'Flbrooyto 


^•fc,  „„,— -Myocyte 

■M''  -■■-■■    — Lymphocyte 
~  ^1\  —  ■  Anglooyte 


Fiff-  Ofl. — Drnfmnnutic 


into  the  following  three  degrees:  (a)  Destruction  of  the  cellular  wall; 
(6)  destruction  of  the  cellular  wall  and  the  nuclear  wall;  and  (c)  the 
destruction  of  the  whole  cell. 

2,  Atrophy  (reduction  of  size),  which  also  presents  three  degrees  of 
reaction,  that  is  (a)  Reduction  of  the  cytoplasm;  (6)  reduction  of  the 
cytoplasm  and  nuclear  plasm;  and  (c)  the  reduction  of  the  whole  cell. 

3.  Hypertrophy  (increase  in  size),  which  occurs  in  the  following  three 
degrees:   (a)  Increase  of  the  size  of  the  cytoplasm;    (6)  increase  of  the 
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size  of  the  cytoplasm  and  the  nuclear  plasm;  and  (r)  increase  in  the  size 
of  the  whole  cell. 

4.  Neoplasia  (cellular  reproduction,  new-growth,  or  regeneration), 
which  manifests  itself  in  three  degrees  (Pig.  95) :  (a)  Destruction  of 
the  differentiated  cells  plus  a  hypertrophy  of  the  regenerative  cells; 
(6)  hyperplasia  of  the  regenerative  cells,  with  or  without  their  differ- 
entiation into  specific  cells,  and  (c)  hyperplasia  of  the  regenerative  cells 
plus  migration  from  normal  anatomic  environment,  nith  or  without 
partial  differentiation.* 

These  being  the  biologic  reactions  of  all  living  ceils,  it  becomes 
essential  to  determine  just  what  cells  exist  in  the  oi^an  under  con- 
sideration. 

The  prostatic  gland  (Fig.  96)  as  an  organ  of  the  gen i to-urinary 
system  consists  of  the  following  tissues:  (1)  Glandular  tissue,  (2) 
fibrous  connective  tissue,  (3)  muscular  tissue.  To  these  may  be 
added  the  tissues  comprising  the  following  sub-organs,  which  are  a  part 
of  the  gland:  (1)  Arteries  and  veins  which  are  composed  of  endothelial, 
muscular,  and  connective  tissues;.  (2)  lymphatics,  which  consist  of 
endothelial  tissue  and  possibly  a  layer  of  slightly  modified  connective 
tissue  of  the  stroma,  and  (3)  nerves  which  consist  of  nerve-filaments 
and  fibrous  connective  tissue.  There  are  at  least  four  other  types  of 
cells  which  may  be  found  in  the  gland  under  normal  conditions.  These 
are  leukocytes,  lymphocytes,  eosinophils,  and  mast  cells.  Whether  or 
not  these  are  always  indicative  of  a  pathologic  process  is  still  a  disputed 
point. 

The  cells  comprising  the  component  tissues  of  the  organ  under  dis- 
cussion may  be  spoken  of  in  their  relation  to  the  biologic  reactions  in 
the  following  terms: 


Primary 

Secondary 

Tertiary 


endothelio- 
lympho- 


Cytolysis. 
Atrophy. 
HypertroiAy. 
Neoplasia. 


This  terminology  possesses  biologic,  histologic,  and  clinical  signifi- 
cance, although  it  does  not  represent  a  terminology  which  can  be 
utilized  as  such  for  clinical  diagnostic  purposes. 

The  prostatic  gland  does  not  differ  from  other  organs,  such  as  the 
.breast,  in  which  organ  it  has  ijeen  distinctly  shown  that  detailed  patho- 
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logic  terminology,  when  utilized  for  clinical  diagnosis,  produced  an 
extreme  grade  of  terminologic  inefficiency.* 

It  has  been  shown  in  the  case  of  the  breast  that  there  must  exist 
one  terminology  for  the  clinician  and  one  for  the  pathologist,  although 
these  two  must  be  parts  of  a.  comprehensive  and  logical  conception  of 
pathologic  conditions.  At  present  pathologic  terminology  is  in  the 
same  stage  of  evolution  which  chemical  terminology  was  in  when 
Lavoisier  was  forced  to  invent  a  new  terminology  to  express  his  own 
observations,  which  formed  the  basis  of  modem  chemistry. 

In  regard  to  the  prostatic  gland,  the  structural  arrangement  of  the 


tissues  (Figs,  97  and  98),  plus  the  general  biologic  reactions  of  cells, 
determines  the  descriptive  terminology  for  the  clinician  and  pathologist. 
Without  entering  into  a  detailed  anatomic  description  of  the  gland, 
it  may  be  stated  that  the  tissue  which  gives  specificity  to  the  organ  is  a 
direct  outgrowth  of  the  epithelium  of  the  fetal  urethra;  it  has  become 
modified,  however,  in  form  and  function  during  this  evolution.  The 
cells  are  arranged  around  spaces  and  form  alveoli  which  empty  their 
products  of  secretion  into  ducts  which  become  assembled  into  larger 
ducts,  which  eventually  discharge  their  contents  in  the  folds  of  the 
urethra  lying  on  each  side  of  the  colliculus  seminalis.  During  the 
evolution  of  this  peculiar  structural  adaptation  many  {10-^0)  such 
ducts  have  been  formed,  each  of  which  is  the  unit  outlet  of  a  system  of 
ducts  and  alveoli.     Each  system,  therefore,  forms  an  independent  part 
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of  the  organ  structurally,  mechanically,  physiologically,  and  patho- 
logically. It  is  this  structural  and  mechanical  fact,  with  the  biolo^c 
reactions  of  the  cells  comprising  the  systems,  which  gives  the  irregular 
shape  to  the  various  ahnormal  prostates  which  are  found.  Whether  or 
not  the  antagonistic  agents  arrive  through  the  urethra,  the  circulatory 
system,  the  lymphatics,  or  by  direct  contact  with  neighboring  pathologic 

organs,  does  not  alter  this  fact. 
pumaKI  cvtoflasix  The  specific  glanduUr  tissue 

is  supported  by  connective  tissue 
and  is  aided  in  its  function  by  the 
presence  of  smooth  muscle,  the 
two  latter  tissues  and  those  of  the 
blood-vessels  and  nerves  also  re- 
acting according  to  biologic  laws 
to  antagonistic  agents. 

In  all  reactions  time  plays  an 
important  r61e,  and  in  so  doing 
may  alter  the  resultant  pictures 
of  the  tissues  and  consequently 
the  whole  organ.  Any  one  of  the 
fundamental  reactions  may  occur 
suddenly  or  gradually  in  so  far  as 
time  is  concerned,  and  hence  have 
arisen  the  clinical  term's  "acute" 
and  "chronic," 

The  fact  that  one  or  more  of 
the  structural  groups  of  the  gland 
may  be  involved  gives  rise  to  con- 
ditions which  may  be  circum- 
scribed or  diffuse.  As  a  result  of 
the  fact  that  nature  reacts  to  grad- 
ual destruction  by  building  up  dense,  protectiveconnectJve-tissue  barriers, 
it  is  found  that  one  or  more  structural  groups  may  be  surrounded  by  a 
denser  fibrous  tissue  or  capsule  which  differentiates  grossly  parts  of  the 
gland.  Thishasgivenrise  to  the  conception  of  tumors  in  the  gland.  They 
are  certainly  tumors  in  the  sense  that  they  are  enlargements,  but  their 
presence  is  nevertheless  due  to  one  or  more  of  the  fundamental  tissue 
reactions,  or  to  the  mechanical  principle  of  distention  as  a  result  of 
obstruction  to  the  normal  outlets  of  fluid  contents  of  spaces. 

In  view  of  these  fundamentals,  and  the  fact  that  cellular  reactions 
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are  usually  microscopic  reactions,  especially  in  their  incipiency,  and 
the  fact  that  clinical  symptoms  resulting  from  all  forms  of  prostatitis 
are  largely  those  arising  from  mechanical  interference  with  the  rest  of 
the  geni to-urinary  system,  it  becomes  necessary  to  consider  the  funda- 
mental reactions  in  their  grosser  aspect  of  gross  effects  which  will  be  of 
service  to  those  who  deal  with  the  organ  from  a  macroscopic  standpoint. 

Aside  from  the  conditions  spoken  of  as  "acute  infections  "  the  clinician 
and  surgetmare  interested  in  two  conditions  which  they  express  under  the 
terms  of  "hypertrophy"  and  "malignancy,"  both  of  which  terms  need 
some  consideration  from  the  standpoint  of  definition  and  description. 

The  term  "hypertrophy,"  as  used  in  conjunction  with  the  terms 
adenomatous,  myomatous,  and  fibromatous,  describes  an  enlargement 
of  the  organ  which  is  in  reality  a  hyperplasia  or  neoplasia,  and  may  be 
of  epithelial,  connective-tissue,  or  muscular  origin.  In  fact,  in  such 
conditions  there  is  an  overgrowth  of  the  regenerative  cells  of  one  or 
more  of  these  tissues,  plus  a  differentiation  of  the  regenerative  cells 
into  either  glandular  tissue,  connective  tissue,  or  muscular  tissue. 

In  the  biologic  terminology  described  in  this  paper  ''hypertrophy" 
is  a  secondary  neoplasia  or  a  neoplasia  plus  tissue  differentiation,  a 
condition  which  may  occur  in  any  or  all  of  the  structural  groups  of  the 
organ.  From  a  neoplastic  standpoint  the  condition  is  clinically  benign 
if  differentiation  is  present.  If  there  is  an  overgrowth  of  the  regenera- 
tive cells  without  differentiation  there  is  a  question  as  to  the  benignancy 
or  malignancy.  If  there  is  migration  of  the  undifferentiated  cells  the 
condition  is  malignant.  Such,  from  a  clinical  standpoint,  may  be 
grouped  as  follows: 


Acute     I  f  Circumscribed  ] 

Chronic  j         \        Diffuse         j 


CytolvM. 
Atrophy. 
Hypertrophy. 
Neopluia. 


The  only  pathologic  conditions  expressed  by  these  terms  which  are 

recognizable  clinically  are: 

Acute     1  [  Circumscribed  1  [  If  Cytolyws. 

or        [         i  or  I      Prostatic      i  \         \   Alropty. 

Chronic  j  [         Diffuse        j  (  j  [  Neoplasia. 

Occasionally,  the  clinician  may  be  able  to  recognize  that  a  malignant 
neoplana  exists.  The  rest  of  the  complete  terminology  can  be  filled 
out  only  by  the  pathologist. 

It  may  seem  strange  that  the  writer  has  said  nothing  about  carci- 
noma, adenoma,  fibroma,  lymphosarcoma,  rhabdomyoma,  spindle-  and 
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small-cell  sarcoma,  malignant  rhabdomyoma,  adenosarcoma,  an^v 
sarcoma,  myxosarcoma,  and  epithelioma,  all  of  which  term^  and  thfir 
indicative  conditions  have  been  described  in  the  literature.  Briefly  il 
may  be  stated  that  these  terms  represent  conditions  described  in  tbr 
new  terminology.  They  are,  to  use  the  language  of  Pattison  Muir 
in  describing  alchemical  terminology,  "based  on  far-fetched  fanciful 
analogies";  in  that  language  the  word  did  not  call  forth  any  just  anJ 
clear  idea — the  idea  did  not  depict  any  definite  fact. 

Perhaps  it  is  too  early  to  make  a  prophecy  that  such  terms  as  sarronu 
and  carcinoma  will  be  relegated  to  that  extinct  group  of  medical  tenn^ 
which  embraces  such  words  as  emphyma,  cancer  \iilgaris.  snxiphult 
vulgaris,  ulcer  vitiosum,  and  marasmus  atrophia. 

A  modem  terminology  must  be  consistent  with  and  descriptiit  d 
biologic,  histologic,  and  clinical  facts  in  order  to  be  efficient  in  this  day  of 
efficiency. 

Any  of  the  conditions  of  the  prostatic  tissues  which  have  been  bew- 
with  described  may  be  clinically  malignant  or  benign,  since  both  lenns 
are  purely  clinical  and  are  not  histologically  descriptive.  A  heaipi 
infectious  or  neoplastic  condition  today  may  be  a  malignant  conditioD 
later,  without  any  living  man  being  able  to  definitely  anir  po^ti^vly 
state  in  advance  that  it  will  or  will  not  be.  It  seems  wise  for  the  cliniriao 
and  the  pathologist  to  adhere  closely  to  that  which  they  can  see.  K 
this  be  done,  no  scientific  clinician  will  attempt  to  utilize  a  deUiM 
descriptive  pathologic  terminology  for  things  he  cannot  see. 
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ABSTRACTS  OF  STUDIES  ON  THE  OVARY  OF  THE 
SPERMOPHILE  (SPERMOPHILUS  CITELLUS  TRI- 
DECEMLINEATUS),  WITH  SPECIAL  REFERENCE 
TO  THE  CORPUS  LUTEUM* 


DELIA  DRIPS 


Up  to  1906,  practically  all  the  literature  on  the  corpus  luteum  had  to 
do  with  the  histologic  origin  and  consequent  structure  at  various  suc- 
ceeding periods  in  its  life  cycle.  The  writings  of  Sobotta  and  Cohn 
practically  established  the  epithelial  nature  of  the  luteal  cells  and  the 
glandular  character  of  the  structure  as  a  whole.  From  1906  to  1912 
most  of  the  papers  written  were  reports  of  experimental  studies  under- 
taken to  prove  that  the  corpus  luteum  is  the  gland  of  internal  secretion 
in  the  ovaries,  and  that,  through  this  secretion,  the  luteal  structure 
produces  specific  effects  on  other  organs,  particularly  the  uterus.  In 
spite  of  the  many  criticisms  directed  against  his  work,  Fraenkel  still 
stands  preeminent  among  the  experimental  workers  who  established 
beyond  a  doubt  the  foregoing  hypothesis. 

Since  1910  efforts  have  been  put  forth  by  investigators  actually 
to  demonstrate  this  secretion  in  the  corpus  luteum.  Van  der  Stricht 
comes  nearer  the  goal  than  any  other.  The  greater  part  of  recent 
literature,  however,  concerns  the  extract  of  the  corpus  luteum,  its 
chemical  constituency,  its  physiologic  action,  and  its  clinical  value. 

In  the  summer  of  1914,  while  I  was  studying  microscopic  sections 
of  the  various  tissues  and  organs  of  the  spermophile,  the  relatively 
immense  size  of  the  ovaries,  compared  with  those  observed  the  previous 
spiing.  strikmgly  presented  itself.  On  further  comparison  it  was  very 
evident  that  this  great  increase  in  size  had  been  brought  about  by  a 

*  Abstract  of  thesis  presented  in  partial  fulfilment  of  the  requirement  for  the  Degree 
o(  Master  of  Science,  University  of  Minnesota  (Mayo  Foundation),  1917. 

Id  itaoriginal  fonn  the  theaia  consists  of  fuurdivisions:  I.  Literature:  II.TheovariaD 
cycle;  III.  Experimental  studies,  and  IV.  Summary  and  conclusions.  In  abstracting,  the 
first  division  wu  practically  omitted,  the  second  division  greatly  contracted,  the  third 
division  completely  omitted,  and  the  fourth  division  fully  given.  The  entire  article  will 
appear  in  The  American  Journal  of  Anatomy. 
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growth  in  the  corpora  lutea  only.  One  ovary  contained  11  of  these 
bodies;  there  remained  only  a  framework  of  ovarian  stroma,  with  a  few 
atretic  follicles. 

From  observations  that  had  been  going  on  it  was  known  that  these 
spermophiles  had  given  birth  to  young  about  a  month  before.  Accord- 
ing to  most  writers,  degeneration  of  the  luteal  cells  begins  not  later  than 
birth.  Here  were  what  looked  like  actively  secreting  cells  a  month  after 
birth.  Thereupon  it  was  decided  to  try  out  some  differential  stains  on 
these  luteal  cells  at  every  stage  in  their  life  history,  and  to  study  the 
complete  ovarian  cycle  in  the  spermophile  with  a  view  to  gaining  some 
accurate  information  of  the  origin,  development,  life  history,  and  func- 
tion of  the  corpora  lutea  of  the  ovary. 

In  the  spring  of  1915  numbers  of  spermophiles  were  captured.  But 
not  having  realized  how  very  soon  the  animals  become  impregnated  after 
coming  out  of  hibernation,  no  strenuous  eiforts  were  made  to  obtain 
them  until  they  were  quite  numerous  in  the  fields,  and  consequently 
they  were  found  to  be  either  in  advanced  stages  of  pregnancy  or  lactat- 
ing.  However,  all  the  animals  that  could  be  obtained  were  used  for  a 
study  of  the  ovarian  cycle  through  the  summer  and  fall,  until  hibernation 
began. 

Several  animals  were  sacrificed  each  week.  They  were  killed  quickly 
with  ether  and  bleeding.  The  ovaries  were  immediately  placed  in  one 
of  several  fixatives — 10  per  cent  formalin,  Zenker's  fluid  with  acetic 
acid,  Bensley's  formal in-Zenker,  and  Bensley's  acetic  acid  bichromate. 
Many  stains  were  experimented  with.  After  considerable  study  of  the 
fixed  and  stained  sections,  it  was  decided  that  for  the  problem  in  hand 
two  fixatives  seemed  best,  Bensley's  formal  in-Zenker  and  Bensley's 
acetic  osmic  bichromate — ^the  former  particularly  for  the  nuclear 
structures  and  the  latter  for  the  elements  in  the  protoplasm.  In  all 
the  work  of  the  past  spring  (1916)  one  ovary  of  each  animal  sacrificed 
was  routinely  placed  in  formal  in -Zenker  and  the  other  in  acetic  osmic 
bichromate. 

Of  the  sections  fixed  in  Zenker,  the  best  results  were  obtained  with  a 
modified  Weigert  stain  (copper-chrome-hematoxylin),  Ehrlich's  hema- 
toxylin and  eosin,  Mallory's  connective-tissue  stain,  and  Bensley's  acid 
fuchsin  and  methyl- green.  A  few  sections  of  each  series  were  prepared 
with  these  stains. 

Of  the  sections  fixed  in  acetic  osmic  bichromate,  one  of  each  series 
was  stained  with  the  Weigert  stain,  and  several  with  the  acid  fuchsin 
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and  methyl  green  of  Bensley.  Complete  paraffin  aerial  sections  were 
made  of  all  the  ovaries  studied. 

The  spermophiles  went  into  hihernatJon  about  the  middle  of  October, 
although  many  of  them  became  partially  torpid  earlier  than  this.  The 
next  spring  it  was  determined  to  get  them  early  enough.  The  frost  was 
not  out  of  the  ground  until  about  April  15.  With  a  great  deal  of 
difficulty  the  females  were  obtained  while  in  rut,  and  every  day  through 
the  period  of  pregnancy,  which  was  found  to  be  about  twenty-eight 
days.     Two  or  more  were  sacrificed  each  day. 

The  ovarian  cycle  was  now  completed.  Ovaries  were  at  hand  for 
every  week  of  the  year  except  during  the  hibernation  period,  when  only 
a  sufficient  number  of  animals  was  sacrificed  to  make  sure  there  were  no 
changes  taking  place  in  these  organs.  For  the  period  of  pregnancy,  a 
time  which  is  especially  related  to  ovarian  activity,  there  were  ovaries 
for  even  fractions  of  a  day. 

The  period  of  rut  evidently  follows  immediately  on  the  awakening 
of  the  spermophiles  in  the  spring.  Ovulation  follows  on  coitus.  Most 
of  the  females  are  impregnated  in  a  very  short  time.  The  period  of 
pregnancy  follows.  From  the  time  of  ovulation  until  about  September 
1  the  ovaries  contain  corpora  lutea.  These  approach  their  greatest 
size  about  July  1.  By  September  15  the  large  corpora  lutea  have  dis- 
appeared. With  the  disappearance  of  the  corpora  lutea  there  is  a  very 
noticeable  rapid  growth  of  the  follicles,  together  with  a  noticeable 
decrease  in  the  size  of  the  whole  ovary.  The  ovaries,  which  in  July 
consisted  almost  entirely  of  large  corpora  lutea  with  a  small  amount  of 
ovarian  stroma  containing  a  few  atretic  follicles,  by  September  15  con- 
tained no  corpora  lutea,  but  instead  many  medium  and  good-sized 
growing  follicles  containing  very  little  liquor  foUiculi,  but  filled  with 
mitotic  figures. 

The  ovaries  of  the  fall,  winter,  and  spring,  then,  contain  no  corpora 
lutea.  Occasionally  some  remains  of  these  bodies  of  the  previous  year 
may  be  found,  but  this  is  very  unusual.  So  when  coitus  takes  place 
during  rut  and  the  follicles  burst  and  become  transformed  into  corpora 
lutea,  these  new  bodies  are  the  only  corpora  lutea  in  the  ovary.  They 
are  all  produced  simultaneously,  and  they  also  develop  simultaneously 
if  they  are  not  abnormal  in  some  way. 

The  picture  of  the  ovary  changes  when  fertilization  brings  on  preg- 
nancy. From  this  time  on  until  the  period  of  the  growing  follicles  is 
reached  in  the  late  summer  the  ovaries  contain  corpora  lutea.     These 
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are  the  predominating  structures  in  the  ovaries  of  the  spring  and  sum- 
mer. The  changes  which  take  place  in  these  organs  during  this  period 
have  to  do  with  the  corpora  lutea  principally.  The  following  descrip- 
tions of  ovaries  will  be  attempts  at  picturing  them  with  corpora  lutea  of 
various  ages.  As  this  study  is  very  largely  concerned  with  these  luteal 
structures,  they  will  be  described  in  considerable  detail. 

■  ExPERLMENT  268-16  (SpERMOPHiLE  303) .— Capturcd  May  3,  1916. 
Sacrificed  the  same  day.     Weight,  112  gm. 

Gross  obsenaiions. — There  are  no  visible  signs  of  pregnancy  in  the 
uterus  except  congestion.  The  ovaries  contain  several  slightly  raised, 
small  spherical  bodies,  which  re- 
semble mature  follicles  except  that 
they  are  red  or  pink  instead  of 
colorless. 

Microscopic  observations  of  the 
left  ovary. — Fixative,  acetic  osmic 
bichromate.  Stain,  acid  Fuchsin 
and  methyl-green.  This  ovary  con- 
tains five  luteal  bodies,  three  of 
which  are  normal  and  two  of  which 
are  not.  Besides  these,  there  are 
several  growing,  medium-sized  folli- 
cles, no  large  ones,  quite  a  number 
of  small  atretic  follicles,  and  a  few 
primordial  ova.  The  interstitial 
cells  are  not  as  conspicuous  in  this 
ovary  as  they  were  in  some  of  the 
Fie. M.— {Kipfrimrni  M«-i«.)  Fii»tivf. .crtic  ovartcs  of  earlv  preenancv.  All  the 
jn»i>.  Crou-Kctian  ot  k  v-rry  »rir  ntrpui  luinim  blood-vesscIs  and  smuses  m  the 
^  medullary   portion  of    the  ovary 

are  very  much  dilated.  Most  of 
the  ovary  is  made  up  of  the  five  corpora  lutea.  Serial  sections 
of  the  three  normal  ones  show  them  to  be  of  different  sizes— from  0.7 
mm.  by  0.8  mm.  in  diameter  to  1.3  mm.  by  0.1  mm.,  depending  on 
the  amount  of  blood  which  they  contain,  for  practically  all  the  young 
corpora  lutea  contain  blood  in  their  centers  (Fig.  99).  A  hemorrhage 
from  a  blood-ves.sel  in  the  wall  of  the  follicle  must  occur  as  the  follicle 
bursts.  The  exact  point  of  this  bursting  cannot  be  determined  in  any 
of  these  structures.  Each  luteal  l»ody  is  surrounded  by  a  very  thin 
connective-tissue  capsule — no  doubt  the  same  tkeca  externa  which  sur- 
rounded the  follicle.  From  this  thin  capsule  to  the  central  core  of 
hlood  are  massed  the  luteal  cells.  They  seem  to  have  no  definite  ar- 
rangement. Among  them  may  be  seen  numerous  fibroblasts  and 
endothelial  cells.     These  are  most  numerous  about  the  periphery  of  the 
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central  mass  of  blood.  Some  are  already  making  their  way  into  it. 
The  cells  all  seem  to  have  their 
axes  directed  radially,  as  if  they 
were  approaching  the  central  mass 
of  blood  from  the  periphery  of  the 
luteal  body.  The  luteal  cells  are 
of  various  sizes  and  shapes.  Some 
are  spindle-form  and  some  poly- 
gonal, but  the  majority  are  spheri- 
cal or  oval.  There  is  one  specific 
characteristic  of  all  young  luteal 
cells,  and  that  is  the  existence  of 
spherical  granules  in  their  proto- 
plasm. In  the  sections  fixed  in 
Bensley's  acetic  osmic  bichromate, 
and  stained  with  acid  fuchsin  and 
methyl-green,  these  granules  are 
strikingly  brought  out  (Figs.  100 

and  101).    Ihey  are  colored  a  brtl-      o,„ic  Whrom.if  .isLd  wid  tm-tnin  ind  mtthyi- 
liantred.     Their  sizes  vary  some-      KrruJi«iu"fiStd';^;£r;^.T«"«rrh;t?h:l^ 
what,  but  they  are  all  spherical.      P">t"pi""'  'pe««'»  •  k«mot^^-"  ™i. 
The  protoplasm  of  some  cells  Is  so 

full  of  these  granules  that  it  resembles  a  homogeneous  red  secretion,  but 
on  examination  with  very  high 
power  the  separate  granules  may 
be  seen.  In  many  cells  where  the 
granules  do  not  fill  the  protoplasm 
they  are  grouped  about  the  nucleus, 
leaving  a  narrow,  clear  zone  about 
theperipheryof thecell.  Thenuclei 
take  the  green  stain  and  are  strik- 
ingly brought  out  against  the  red 
granules.  Each  nucleus  contains 
one  or  two  good-sized,  bright,  red- 
staining  nucleoli.  The  chromatin 
threads  stain  green  and  do  not 
show  very  well  with  this  stain. 

'  Experiment  293-16  (Spekmo- 

PHiLE    328).— Captured    May    4. 

-Bk'Eich'i^u^Tn^l^tL'h.in'.'^'^Xi^     1^1^-     ^"^^  ovaries  were  removed 

K^    c™'°°''iVTS^i"'r™«ibwiEh'iCJ"ir     May  S-  1816.     Weight,  119  gm. 

Pv-  i«t.  Gross  observalions. — Thefetuses 

in  the  uterus  measure  about  %  mm. 

in  length,  which  makes  the  luteal  l>odies  in  the  ovaries  older  than  those 

previously  described. 
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Microscopic  (Aservaiions  of  ike  right  ovary. — Fixative,  formalin-Zenker. 
Stain,  acid  fuchsin  and  methyl-green.  This  ovary  contains  six  corpora 
lutea.  These  luteal  bodies  appear  differently,  due  principally  to  the 
rapid  growth  which  has  been  going  on  among  the  fibroblasts  and  endo- 
thelial cells.  The  ovaries  suffered  some  congestion  through  the  manipu- 
lation of  removal,  and  this  helps  to  show  the  great  numbers  of  capillaries 
and  blood-vessels  that  have  been  formed  in  a  short  time.  The  central 
mass  of  blood  is  undergoing  rapid  organization.  No  doubt  the  presence 
of  this  blood  with  its  serum  and  fibrin  is  the  great  attractive  force  which 
aids  in  the  complete  formation  of  the  luteal  body.  Fibroblasts  and 
endothelial  cells  are  always  attracted  by  serum  and  fibrin.  As  soon  as 
the  hemorrhage  occurs  in  the  follicle,  they  start  in  to  organize  it.  This 
is  evident  from  the  radial  direction  which  the  axes  of  the  fibroblasts  all 
take  very  early.  As  they  go  into  the  center  the  transformed  epithelial 
cells  of  the  follicle  are  carried  in  by  them.  Endothelial  cells  grow  in, 
and  thus  very  early  there  is  formed  in  the  corpus  luteum  a  complex 
system  of  blood-vessels  and  capillaries,  as  is  seen  in  sections  of  this  ovary. 

Experiment  296-16  (Spehmophile  331). — Captured  and  sacrificed 
May  6,  1916.     Weight,  146  gm. 

Gross  observations. — The  fetuses  in  the  uterus  are  1  cm.  in  length, 
which  lead  us  to  expect  to  find  changes  in  the  corpora  lutea  of  the 
ovaries. 

Microscopic  ohservalions  of  the  left  (warj;,— Fixative,  acetic  oShiic 
bichromate.  Stain,  acid  fuchsin  and  methyl-green.  The  size  of  the 
luteal  structures  has  increased.  There  are  two  in  this  ovary,  one 
measuring  0.9  mm.  by  0.9  mm.,  and  the  other,  1  cm.  by  0.8  mm.  The 
most  noticeable  feature  of  this  later  luteal  body  is  the  absence  of  any 
blood  in  the  center.  Instead,  there  is  a  core  of  connective  tissue.  The 
size  of  this  connective- tissue  core  depends  evidently  on  the  amount  of 
hemorrhagic  material  there  is  to  organize.  In  some  bodies  the  core  is 
much  larger  than  in  others.  Very  perceptible  strands  of  connective 
tissue  run  from  this  central  niass  to  the  capsule,  inclosing  columns  of 
luteal  cells.  Cross  strands  have  developed  also,  so  that  connective- 
tissue  strands  seem  to  be  enveloping  each  cell.  There  is  a  complete 
capillary  network  following  the  arrangement  of  the  strands  of  connective 
tissue.  Good-sized  blood-vessels  are  located  about  the  periphery  of  the 
structure.  Several  smaller  ones  are  present  in  the  central  connective- 
tissue  core.  There  are  several  sinuses  about  the  periphery  lined  with 
endothelium  which  appear  to  contain  lymph.  The  luteal  cells  them- 
selves have  increased  in  size.  Many  more  have  taken  on  an  oval  shape 
and  are  lying  with  their  long  axes  perpendicular  to  the  capsule.  The 
same  red  granules  are  still  present  in  the  protoplasm.  These  do  not 
seem  to  be  quite  as  numerous  in  the  cells,  which  fact  is  in  part  due,  no 
doubt,  to  the  increased  size  of  the  latter.  The  granules  are  now  found 
scattered  throughout  the  protoplasm,  the  clear  zone  about  the  periphery 
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of  the  cell  having  disappeared.  The  granules  show  more  difference  in 
size  than  formerly,  but  they  are  still  all  spherical.  The  nuclei  have  not 
changed.  In  a  few  cells  there  is  a  clear  space  in  the  protoplasm  on  one 
side  of  the  nucleus. 

Experiment  355-16  (Spermophile  875). — Captured  May  20,  1916. 
Both  ovaries  were  removed  May  88,  1916.     Weight,  186  gm. 

Gross  observations. — The  fetuses  in  the  uterus  are  1.5  cm,  in  length. 

Microscopic  obs^vatums  of  the  right  ovary. — Fixative,  acetic  osmic 
bichromate.  Stain,  acid  fuchsin  and  methyl-green.  There  are  six 
corpora  lutea  in  the  right  ovary,  measuring  about  0.8  mm.  by  0.9  mm. 
in  diameter.  Something  is  noted  in  the  luteal  structures  in  this  ovary 
which  has  not  been  seen  before,  namely,  that  there  are  present  in  the 
cells  close  to  the  periphery  some  osmic-stained  droplets.  The  size  of  the 
corpus  luteum  and  the  size  of  the  individual  celb  is  about  the  same  as 
that  of  Spermophile  331.  There  is  a  slight  increase  in  the  number  of 
red  granules  in  the  cells.  The  clear  space  next  to  the  nucleus  is  present 
in  many  more  cells.  The  osmic-stained  droplets  are  located  at  the 
periphery  of  the  cell.  They  are  very  large  compared  with  the  red 
granules.  They  vary  somewhat  in  size,  but  not  in  shape;  all  are 
spherical.  Of  course,  in  sections  fixed  with  formal in-Zenker  and  stained 
with  the  various  stains  which  were  used,  these  lipoid  droplets  appeared 
as  vacuoles.  But  they  could  be  easily  recognized  by  their  corresponding 
size  and  location  in  the  cells.  For  convenience,  these  droplets  will  be 
called  lipoid  droplets,  because  they  certainly  are  a  lipoid  product. 
They  do  not  appear  in  the  luteal  cells  before  the  fetus  is  about  1.5  cm. 
in  length,  or  about  fourteen  days  old,  that  is,  until  the  period  of  preg- 
nancy is  half  over.  These  droplets  make  up  the  "lutein"  of  the  corpus 
luteum  which  has  been  described  for  many  years  and  which  has  given 
the  corpus  luteum  its  name. 

When  the  lipoid  droplets  appear  in  the  cells,  the  period  of  the  red 
granules  is  waning.  The  latter  seem  to  reach  their  crisis  of  abundance 
when  the  fetus  measures  about  8  mm.  in  length.  But  the  granules  are 
still  very  abundant  in  the  cells  until  the  lipoid  droplets  begin  to  appear. 
From  this  time  on  the  former  grow  fewer  and  the  latter  increase  in 
number,  as  will  be  shown,  until  they  too  reach  a.  crisis  of  abundance 
and  then  decUne. 

Experiment  363-16  (Spermophile  383)". — Captured  and  sacrificed 
May  84,  1916.     Weight,  140  gm. 

Gross  obsemaiiona. — The  animal  was  in  labor  when  killed.  The 
uterus  still  contains  two  live  fetuses,  four  having  already  been  born. 
The  crown  rump  measurement  of  a  fetus  is  4-5  cm. 

Microscopic  observations  of  Ike  left  ovary. — Fixative,  acetic  osmic 
bichromate.  Stain,  acid  fuchsin  and  methyl-green.  The  luteal  struc- 
tures in  the  ovaries  of  this  animal  show  some  changes  over  those  pre- 
viously described  (Fig.  108).     There  are  four  of  them.     They  liave 
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increased  slightly  in  size,  measuring  0,9  mm,  by  0,9  mm.  and  the  indi- 
vidual cells  have  increased  correspondingly.  Still  more  noticeable  than 
their  increase  in  size  is  the  regularity  of  their  oval  form  and  the  uni- 
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forraity  with  which  all  their  axes  point  in  a  radial  direction.  This  seems 
to  be  due  to  an  increased  amount  of  connective- tissue  framework,  which, 
from  the  first,  has  seemed  to  govern  the  position  and  shape  of  the  cells. 
The  increase  of  connective- tissue  framework  has  been  accompanied  by 
an  increase  in  the  size  of  the  blood-vesseb  and  capillaries.  In  the  luteal 
cells  (Fig.  103)  the  red  granules  have  decreased  still  more  than  in  the 
cells  last  described,  and  this  is  very  general  throughout  the  structure. 
The  lipoid  droplets  are  much  more  numerous  in  all  the  cells.  In  fact,  it 
seems  hard  to  tell  which  is  the  predominant  product  of  the  cells,  the  red 
granules  or  the  black  droplets.     The  nuclei  of  these  cells  are  slightly 


larger  than  the  ones  of  the  preceding  description.  Otherwise,  they  are 
the  same.  Most  writers  have  agreed  that  degeneration  of  the  corpus 
luteum  begins  about  the  time  of  birth.  None  is  in  evidence  here. 
Several  writers  have  stated  that  the  principal  reason  for  their  belief  was 
the  entrance  into  the  cells  of  osmic-staining  droplets  which  they  con- 
sidered to  be  evidences  of  fatty  degeneration  in  the  cells.  It  would  not 
seem,  from  the  nuclear  characteristics  of  the  cell  nor  from  the  color, 
shape,  and  the  regular  size  of  the  droplets,  that  they  could  be  fatty 
degeneration  products,  especially  when  compared  with  the  true  fatty 
degeneration  which  occurs  much  Uter  in  the  life  history  of  the  corpus 
luteum  aad  which  will  be  described  accordingly. 
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Experiment  412-16  (Spermophiij:  415).— Captured  and  sacrificed 
July  1,  1916.     Weight,  125  gm. 

Gross  observations. — The  ovaries  are  the  largest  yet  seen,  owing  to 
the  comparatively  immense  size  of  the  corpora  lutea.  These  are  now 
of  a  yellowish -cream  color,  and  stand  out  prominently  so  that  the  ovary 
looks  as  if  it  were  made  up  of  several  spherical  bodies,  1.5  mm.  in  diam- 
eter. Any  other  ovarian  tissue  except  that  holding  the  spherical  bodies 
together  can  scarcely  be  distinguished.  There  are  three  corpora  lutea 
in  the  right  ovary  and  four  in  the  left,  which  numbers  correspond  to 
the  tiny  while  spots  marking  the  former  placental  sites  in  the  uterus. 


F^   109. — (Elprrim* 


Experiment  413-16  (Spebmophile  416). — Captured  and  sacrificed 
July  3.  1916.     Weight,  157.3  gm. 

Gross  observatifms.— The  right  ovary  appeared  grossly  just  like  that 
of  Spermophile  415. 

Microscopic  observations  of  the  left  ovary. — Fixative,  acetic  osmic  bi- 
chromate. Stain,  acid  fuchsin  and  methyl-green.  The  corpora  lutea  are 
much  larger  than  those  previously  described  (Figs.  104  and  105).  They 
measure  l.l  mm.  by  1.5  mm.  in  diameter  (1.7  mm.  by  1.3  mm.,  grossly, 
some  shrinkage).  The  luteal  cells  are  correspondingly  larger,  and  their 
protoplasm  is  absolutely  full  of  a  mass  of  lipoid  droplets.  This  is  seen 
to  advantage  in  the  unstained  sections.  In  the  stained  sections  the 
cells  appear  more  or  less  honeycombed,  according  to  the  amount  of 
lipoid  which  has  been  dissolved  out.     These  lipoid  droplets  are  very 
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uniform  in  size  and  are  dark  brown,  quite  a  different  color  from  the 
black  fat  droplets  of  fatty  degeneration.  The  red  granules  are  gone. 
Where  there  is  any  protoplasm  visible,  it  appears  granular  and  pinkish- 
gray  in  color.  The  nuclei  of  the  cells  appear  slightly  smaller  than 
formerly,  but  this  apparent  decrease  in  size  is  evidently  due  to  the 
increase  in  the  size  of  the  cells,  for  the  nuclei  are  no  smaller  by  measure- 
ment. The  location  of  the  nucleus  in  the  cell  is  either  in  the  center  or 
to  one  side  of  the  center.  The  nucleolus  stands  out  large  and  bright 
and  the  chromatin  strands  appear  as  they  did.  There  are  no  apparent 
degenerative  changes.  Beside  the  three  corpora  lutea  in  this  ovary, 
there  are  six  or  seven  medium-sized  norma)  growing  and  three  atretic 
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follicles.  There  are  no  large  follicles  or  even  any  of  good  size.  A  few 
primordial  ova  are  present,  fewer  than  in  any  of  the  ovaries  described 
thus  far,  and  no  interstitial  cells  can  be  distinguished  as  such  (Fig.  104). 

Experiment  439-16  (Spermophile  436).— Captured  June  23,  1916. 
Sacrificed  July  15,  1916.     Weight,  194.2  gm. 

Gross  obserrations. — The  uterus  still  shows  several  tiny  white  spots 
marking  the  placental  sites.  It  is  otherwise  normal.  The  ovaries 
appear  to  contain  corpora  lutea.  but  these  latter  are  certainly  much 
reduced  in  size  over  those  of  Spermophile  416.  They  appear  congested 
or  of  a  reddish-yellow  color. 

Microscopic  tAservations  of  the  left  ovary. — Fixative,  acetic  osmic 
bichromate.     Stain,  acid  fuchsin  and  methyl-green.     The  corpora  lutea 
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are  much  smaller  (Fig.  106).     They  measure  0.7  mm.  by  0.8  mm.  and 
0.9  mm.  by  0.9  mm.     The  cells  are  smaller.     The  protoplasm  of  the 
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cells  contains  no  red  granules  and  very  few  lipoid  droplets  or  any  honey- 
combing suggestive  of  these.  It  has  a  grayish,  granular  appearance. 
Something  is  present,  however,  which  has  not  been  seen  before,  and  that 
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is  fat.  Scattered  here  and  there  throughout  the  luteal  structure,  fat 
globules,  characteristic  of  fatty  degeneration,  are  present  in  the  proto- 
plasm of  the  cells.  They  are  of  various  sizes  and  take  on  a  character- 
istic hlack  color  with  the  osraic  acid  in  the  acetic  osmic  bichromate 
fixative.  The  nuclei  of  the  cells  show  degeneration  changes.  The 
nucleolus  has  disappeared  in  some  cells  and  in  others  appears  pale  and 
fringed.  The  chromatin  strands  are  fewer  and  appear  clumped  in  some 
cells.  One  striking  new  feature  in  the  luteal  structure  is  the  great 
increase  in  the  size  of  the  blood-vessels  and  capillaries.  The  congestion 
of  biood  is  not  common  to  the  whole  ovary,  but  ia  only  in  the  corpus 
luteum.  The  vascular  change  is  apparently  one  factor  in  the  disappear- 
ance of  the  luteal  body. 

Experiment  515-16  (Spehmophile  458). — Captured  August  18, 
1916.     Sacrificed  August  31,  1916.     Weight,  190  gm. 

Gross  observaivms. — There  are  no  evidences  of  placental  sites  in  the 
uterus.     There  are  no  signs  of  corpora  lutea  in  the  ovaries. 

Microscopic  obaemations  of  the  Uft  oca rj. ^Fixative,  acetic  osmic 
bichromate.  Stain,  acid  fuchsin  and  methyl-green.  The  left  ovary 
shows  three  luteal  structures.  The  largest  measures  0.8  mm.  by  0.8  mm. 
No  red  granules  or  lipoid  droplets  are  discernible.  The  greenish-gray 
granular  protoplasm  is  everywhere  filled  with  various-sized  fat  droplets. 
In  some  cells  these  fat  droplets  are  so  large  that  they  occupy  nearly  the 
whole  cell,  squeezing  the  degenerated  nucleus  out  to  one  side  of  the  cell. 
The  nuclei  are  so  degenerated  that  no  chromatic  strands  or  nucleolus 
are  recognizable  as  such.  What  is  left  of  the  nucleus  takes  the  acid 
fuchsin  rather  than  the  methyl-green  stain.  Ail  the  blood-vessels  and 
capillaries  are  markedly  dilated.  There  is  a  marked  increase  of  con- 
nective tissue  throughout  the  body.  The  thin  capsule  of  connective 
tissue  which  before  surrounded  the  luteal  structure  seems  to  have  dis- 
appeared in  places,  making  it  appear  as  if  the  connective  tissue  of  the 
body  were  continuous  with  that  of  the  ovary  around  it.  This  connec- 
tive-tissue invasion  is  evidently  another  factor  in  the  disappearance  of 
the  corpus  luteum.  Three  factors,  then,  are  associated  with  the  disap- 
pearance of  the  corpora  lutea  in  the  ovaries — cellular  degeneration,  vas- 
cular dilatation,  and  connective-tissue  invasion. 


Summary  and  Conclusions 

The  results  obtained  from  the  histologic  and  experimental  investiga- 
tions carried  on  may  be  summarized  as  follows: 

1.  In  the  spermophiles,  ovulation  occurs  only  once  a  year — during 
the  rutting  season  in  the  early  spring.  Ovulation  is  dependent  on  the 
stimulus  of  coitus,  for  no  corpora  lutea  were  found  in  the  ovaries  of 
animals  which  were  kept  from  the  males. 
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2.  The  corpora  lutea  cannot  be  responsible  for  the  phenomena  of 
rut,  for  they  are  not  present  in  the  ovaries  at  this  time. 

S.  The  corpora  lutea  develop  and  pass  through  their  nornml  cycle 
after  ovulation,  whether  fertilization  follows  or  not. 

4.  While  the  corpora  lutea  are  present  in  the  ovaries,  especially 
during  the  two  months  following  parturition,  the  process  of  developing 
and  ripening  the  follicles  is  at  a  standstill. 

5.  If  the  uterus  is  removed  after  conception,  the  corpora  lutea  do 
not  begin  to  degenerate,  but  pass  through  their  normal  cycle.  No 
effects  were  noted  in  the  ovaries. 

6.  Removal  of  the  uterus  at  any  time  does  not  produce  noticeable 
effects  on  the  ovaries  even  after  a  year's  time. 

7.  Double  ovariectomy  performed  at  any  time  during  the  period  of 
pregnancy  interrupts  gestation.  If  the  operation  is  performed  after  a 
little  more  than  the  first  half  of  pregnancy,  the  placentas  with  the 
fetuses  simply  degenerate.  The  involution  of  the  uterus  in  these  cases 
is  very  abnormal.  If  both  ovaries  are  removed  late  in  pregnancy,  the 
animal  aborts  and  the  uterus  undergoes  a  much  more  normal  involution. 
The  removal  of  only  one  ovary  does  not  interrupt  the  pregnancy. 

8.  Double  ovariectomy  at  any  time  prevents  the  recurrence  of  the 
cyclic  changes  in  the  uterus  and  produces  an  atrophy  of  the  ot^n 
scarcely  noticeable  within  a  year. 

9.  The  corpora  lutea  apparently  do  not  influence  the  development 
of  the  mammary  gland.  When  the  uterus  was  removed  very  soon  after 
conception,  before  any  signs  of  pregnancy  could  be  noted  grossly  in  the 
uterus,  and  before  any  development  of  the  mammary  glands  could  be 
noted  grossly,  the  developing  corpora  lutea  in  the  ovaries  produced  no 
development  in  the  mammary  glands.  This  would  seem  to  substan- 
tiate the  work  of  Lane-Claypon  and  Starling,  who  attribute  to  the 
fertilized  egg  the  stimulus  for  the  development  of  the  mammary  glands. 

10.  The  corpus  iuteum  of  the  spermophiles  derives  its  elements  from 
the  follicle  just  as  Sobotta  states  occurs  in  the  mouse.  The  luteal  cells 
are  the  transformed  granulosa  cells  of  the  follicle.  The  connective- 
tissue  and  vascular  network  are  derived  from  the  cells  of  the  internal 
theca,  which  spends  itself  entirely  in  their  formation.  The  capsule  of 
connective  tissue  surrounding  the  luteal  structure  is  the  same  external 
theca  which  surrounds  the  follicle.  The  microscopic  pictures  of  the 
corpora  lutea  in  the  succeeding  stages  of  their  development  correspond 
also  to  Sobotta's  descriptions.     It  may  be  well  to  emphasize  the  com- 
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plexity  of  the  vascular  network  throughout  the  luteal  structure  which, 
when  it  is  completed,  brings  every  luteal  cell  in  intimate  contact  with 
the  blood-stream. 

11.  The  life  cycle  of  the  corpus  luteum  is  made  up  of  three  distinct 
phases.  First,  the  phase  characterized  by  the  presence  of  great  numbers 
of  red  granules  in  the  protoplasm  of  the  luteal  cells.  This  phase  em- 
braces a  period  dating  from  the  bursting  of  the  follicle  and  covering  the 
entire  period  of  pregnancy.  From  a  point  of  time  very  shortly  after 
the  bursting,  the  protoplasm  of  the  luteal  ceils  shows  these  red  granules, 
which  become  more  and  more  abundant  until  they  seem  to  reach  a 
crisis  of  abundance  when  the  organization  of  the  luteal  structure  is  about 
perfected,  which  is  not  until  the  placental  swellings  have  reached  a 
length  of  about  8.5  cm.  From  this  time  on  the  granules  seem  very 
gradually  to  decrease  in  number  in  the  cells  until  parturition,  when  there 
is  a  sudden  considerable  reduction  in  their  number.  Some  are  found 
in  the  cells,  however,  even  as  late  as  the  fourth  week  after  parturition. 
Second,  the  phase  characterized  by  the  presence  of  many  lipoid  droplets 
in  the  protoplasm  of  the  luteal  cells.  This  phase  begins  some  time 
before  parturition  and  lasts  for  about  six  weeks  afterward.  About  the 
fourteenth  day  of  pregnancy,  when  the  placental  swellings  in  the  uterus 
measure  1.5  cm.  to  S  cm.  in  length,  the  lipoid  droplets  usually  begin  to 
make  their  appearance  at  the  periphery  of  the  luteal  cells,  next  to  the 
capsule  of  the  corpus  luteum.  They  increase  in  number  until,  at  the 
time  of  parturition,  they  are  quite  noticeable  in  the  cells,  being  found 
scattered  all  through  the  protoplasm  among  the  red  granules.  After 
parturition  there  seems  to  be  a  more  rapid  increase  in  the  number  of 
lipoid  droplets,  which  coincides  with  the  sudden  decrease  in  the  number 
of  red  granules  previously  noted.  With  this  increase  in  lipoid  content 
the  cells,  which,  from  the  beginning,  have  been  growing  constantly 
larger,  seem  to  begin  to  hypertrophy  more  rapidly.  The  luteal  cells  are 
largest  and  contain  the  greatest  amount  of  lipoid  about  six  weeks  after 
parturition.  In  two  more  weeks  practically  all  the  lipoid  has  disappeared 
from  the  cells  and  they  are  beginning  to  show  evidences  of  degeneration. 
Third,  the  phase  of  regression.  This  period  begins  about  eight  weeks 
after  parturition  and  lasts  for  four  weeks.  By  the  last  of  August  the 
corpora  lutea  have  disappeared  from  the  ovaries.  This  phase  is  char- 
acterized by  a  fatty  degeneration  of  the  luteal  cells  by  an  increased 
vascularization  and  a  connective-tissue  invasion.     From  these  results 
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the  following  conclusions  were  drawn  as  to  the  functions  of  the  corpora 
lutea  in  the  ovaries  of  spermophiles: 

The  corpora  lutea  fix  the  periods  of  estrous  by  preventing  the  devel- 
opment and  the  ripening  of  the  follicles  until  the  time  for  the  next 
rutting  season  is  at  hand. 

The  corpus  luteum  is  a  gland  with  two  internal  secretions,  both  of 
which  have  specific  effects  on  the  utenis,  one  bringing  about  the  changes 
incident  to  pregnancy  and  the  other  effecting  the  normal  involution  of 
the  organ.  The  first  internal  secretion  is  represented  in  the  luteal  cells 
during  the  period  of  pregnancy  by  granules  which  are  very  similar  in 
their  location  and  staining  reactions  to  the  granules  in  the  A  cells  of  the 
islands  of  Langerhans,  the  glands  of  internal  secretion  of  the  pancreas, 
described  by  Bensley.  The  granules  of  the  luteal  cells,  however,  are 
much  larger  than  those  of  the  A  cells,  being  very  easily  seen  with  high 
powers  of  the  microscope.  No  mitachondrial  granules  or  filaments 
could  be  observed,  perhaps  because  of  the  abundance  of  the  granula- 
tions in  the  protoplasm.  These  luteal  cell  granules  are  very  much  like 
other  secretion  granules  described  by  various  writers  as  occurring  in  the 
secreting  serous  cells  of  several  glands  of  the  body. 

The  majority  of  writers  have  agreed  that  there  is  no  fatty  product 
demonstrable  in  the  corpus  luteum  of  several  species  of  animals  and 
man  in  the  very  early  stages.*  They  all  seem  to  have  been  of  the  same 
opinion  that  the  activity  of  the  ovarian  gland  of  internal  secretion 
begins  with  the  appearance  of  the  lipoid  droplets  in  the  cells.  These 
lipoid  droplets  were  considered  by  them  to  be  the  evidence  of  the  secre- 
tory activity  of  the  corpus  luteum.  Its  period  of  activity  would  then 
begin  when  the  droplets  begin  to  appear  in  the  celts,  which  time  varies 
with  different  species,  but  in  all  seems  to  be  about  the  time  of  the  fixation 
of  the  blastocyte.  This  activity  lasts,  they  consider,  for  varying  periods 
in  different  species.  In  the  rabbit,  Cohn,  Fraenkel,  and  Niskoubina 
consider  that  it  lasts  for  nine  or  ten  days;  regression  sets  in  about  the 
fifteenth  day.  Van  der  Stricht  says  that  in  the  bat  the  lipoid  droplets 
are  in  much  greater  abundance  during  the  second  half  of  the  period  of 
pregnancy  and  that  regressive  changes  do  not  begin  until  the  period  of 
pregnancy  is  over.  Miller  says  there  is  no  neutral  fat  in  the  human 
corpus  luteum  until  regression  sets  in  at  birth.  Because  the  first- 
mentioned  group  of  men  found  that  double  ovariectomy  did  not  cause 
abortion  in  rabbits  after  the  fifteenth  day,  and  did  so  earlier  than  this, 
they  considered  this  lipoid  secretion  related  to  changes  in  the  uterus 
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occurring  between  the  fourth  and  fifteeath  days  after  coitus,  or  between 
the  time  of  the  fixation  of  the  blastocyte  and  the  middle  of  the  period 
of  pregnancy. 

Van  der  Stricht  seems  to  have  been  the  first  to  conceive  of  the 
presence  of  a  secretion  in  the  luteal  cells  prior  to  the  appearance  of  the 
hpoid  droplets  which  coexists  with  them  for  some  time  after  their  appear- 
ance. He  judges  of  the  presence  of  this  secretion  in  the  cells  from  its 
presence  in  the  near-by  intercellular  spaces  and  lymphatics.  The 
latter,  according  to  van  der  Stricht,  are  the  avenues  of  excretion  of  both 
the  serous  and  the  lipoid  secretions. 

In  spermophiles,  the  lipoid  product  does  not  begin  to  appear  in  the 
luteal  cells  until  the  period  of  pregnancy  is  half  over  and  is  not  very 
abundant  until  after  birth.  As  far  as  these  animab  are  concerned,  then, 
the  lipoid  product  is  not  the  active  substance  of  the  corpus  luteum,  which 
has  specific  effects  on  the  uterus  during  pregnancy.  This  active  sub- 
stance is  rather  a  secretion  represented  in  the  cells  by  the  secretory 
granules  previously  noted,  which  are  of  a  veiy  different  nature  from  the 
lipoid  droplets. 

The  second  internal  secretion  which  is  represented  in  the  luteal  cells 
by  lipoid  droplets  and  which  formerly  has  been  considered  the  secretion 
which  is  responsible  for  the  changes  occurring  in  the  uterus  incident  to 
pregnancy,  must  be  considered,  as  far  as  the  spermophiles  are  concerned, 
at  least,  as  having  another  function.  There  seems  to  be  some  relation- 
ship in  these  animals  between  the  period  of  greatest  abundance  of  the 
lipoid  product  in  the  cells  and  the  period  of  regression  and  atrophy  in 
the  uterus.  The  uterus  of  the  spermophile  atrophies  very  slowly — much 
more  so  than  in  animals  that  bear  several  Utters  of  young  every  year. 
The  atrophy  is  not  completed  until  six  or  seven  weeks  after  parturition, 
about  the  time  when  the  lipoid  product  reaches  its  crisis  of  abundance 
in  the  cells  and  begins  to  disappear.  Another  result  which  substantiates 
the  theory  that  the  lipoid  secretion  brings  about  the  normal  involution 
of  the  uterus  is  the  very  abnormal,  even  pathologic,  process  which  goes 
on  in  the  uterus  following  the  removal  of  both  ovaries  during  all  but 
the  more  advanced  stages  of  pregnancy.  During  the  first  half  of  the 
period  of  pregnancy  there  is  no  lipoid  in  the  corpora  lutea,  which, 
according  to  this  theory,  would  account  for  the  pathology  in  the  uterus 
following  double  ovariectomy.  If  the  ovariectomy  is  performed  late 
in  pregnancy,  after  the  lipoid  droplets  have  become  quite  abundant  in 
the  luteal  cells,  the  animal  aborts  and  the  uterus  undergoes  an  involution 
'17—19 
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more  nearly  like  tlie  normal,  due  to  the  specific  effect  of  the  lipoid 
secretion  which  is  already  present  in  the  circulation.  Mulon  thought 
the  lipoid  of  the  corpus  luteum  had  an  antitoxic  action  toward  the 
poisons  elaborated  in  the  development  of  the  fetuses.  It  would  seem 
more  reasonable  to  suppose  that  it  neutralizes  the  toxic  products  pro- 
duced in  normal  involution,  which  would  be  only  a  part  of  its  function 
as  a  specific  agent  in  effecting  this  normal  involution  of  the  uterus. 

It  may  be  added,  in  closing,  that  the  two  luteal  secretions  are  un- 
doubtedly emptied  into  the  blood-stream  in  these  animals.  An  observa- 
tion of  the  elaborate  capillary  network  of  these  structures  could  lead  to 
no  other  conclusion.  Lymphatic  sinuses  are  demonstrable  in  the 
corpora  lutea,  but  they  are  found  only  near  the  capsule  in  the  proximity 
of  the  larger  blood-vessels.  There  is  no  anat«>mic  evidence  for  con- 
cluding that  the  secretions  are  carried  away  by  the  lymphatics. 

[Note. — The  writer  wishes  to  eicpress  her  sppreciBtioii  for  the  valuable  aid  given  hpr 
by  Dr.  Frank  C.  Mann,  head  of  the  Divinon  of  Experimentat  Surgery  and  Pathology  of  the 
Mayo  Clinic,  under  whose  direction  this  work  was  done.] 
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SURGICAL  CONDITIONS  COMPLICATING  INTRA- 
UTERINE PREGNANCY* 

R.  D.  MUSSEY 


The  diagnostician  of  surgical  diseases  is  frequently  confronted  with 
the  necessity  of  making  a  decision  in  regard  to  the  advisability  of  opera- 
tion for  conditions  complicating  intra-uterine  pregnancy.  A  question 
of  possible  or  probable  danger  to  two  lives  presents  itself,  and  every 
effort  must  be  made  to  save  the  mother  and  child.  As  Andrews  says, 
the  life  of  the  woman  is  paramount,  but  both  must  be  considered  even 
at  somewhat  increased  risk  to  the  mother. 

It  is  not  often  that  normal  pregnancy  is  complicated  by  surgical 
conditions.  In  the  three  years  from  1914  to  1916  inclusive,  there  were 
more  than  10,000  abdominal  operations  on  women  at  the  Mayo  Clinic, 
and  in  that  number  253  pregnant  women  were  found  to  have  definite 
surgical  lesions  not  dependent  on,  although  associated  with,  the  preg- 
nancy. One  hundred  and  thirty-eight  of  these  were  advised  to  have 
operations  and  123  were  operated  an.  The  case  histories  of  twenty-three 
were  not  considered  on  account  of  lack  of  subsequent  data  confirming 
the  diagnosis  of  pregnancy;  thus  100  caaes  only  are  reviewed  in  part 
in  this  paper.  Of  this  number,  16  women  went  to  operation  with 
pregnancy  undiagnosed  by  the  clinician.  One  of  these  had  proceeded 
to  a  three  months'  gestation,  but  the  remainder  were  mostly  under  two 
months  and  were  diagnosed  by  the  surgeon  at  the  time  of  operation. 
This  diagnosis  was  later  substantiated  by  reports  from  the  patients,  ex- 
cept in  three  instances  in  which  it  was  found  to  be  erroneous. 

During  the  same  three-year  period  there  were  ISO  pregnant  women 
with  surgical  complications  who  did  not  come  to  operation.  In  this 
group  are  included  only  those  cases  in  which  the  surgical  pathology 
would  warrant  operation  in  the  non-pregnant  state.  The  surgical  diag- 
no»s  was  as  follows: 
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PREGNANCIES  WITH  SURGICAL  COMPLICATIONS-SOX-OPERATO'E 

SCRGICAL    DtAOHOS^ 

Appendidti* SI  Exophthalmic  goiter t 

AdeDoms  o(  thyroid 91  Salpingitia i 

Cholecystitis 14  Uterus,  prolapse  of,  cystixelr i 

Fibroids 17  Cervical  laceration i 

GallitoDei 15  Cervical  polyp ...  1 

Varicoae  veins i  Perineal  relaication 1 

Ovarian  tumor I  Hod^cin's  disease I 

Hemorrhoida 9  Gastric  ulcer I 

Perineal  laceration S  Tuberculosis  of  spine 1 

Adenoma  of  breast 2 

In  56  of  thia  group  the  pregnancy  was  under  three  months,  in  61  it 
was  between  three  and  five  months,  and  in  13  it  was  more  th&n  fi^T 
months.  The  100  cases  coming  to  operation  have  been  Usted  according 
to  surgical  conditions  found  at  operation: 

PREGNANXIES  WITH  SCRGICAL  COMPLICATIONS-OPEEUTn'E 
Surgical  Diagnoses 

Appendicitis.  : 47     Pyonephroiij  with  stone I 

Cbolecyatitis  and  cholelithiaus 26  Ovarian  and  tubal  abscess  and  Aoars  in 

Flbrtnds 3  the  common  duct  following  cholecys- 

Adenoraa  of  tbyimd 4         tectomy 1 

Exophthalmic  goiter 4  Cyst  of  submaxillary  gland.  . .                  1 

Tumor  of  breast 9  Locention  of  the  penDeum .                      ' 

Hernia,  inguinal 4     Abscess  of  the  right  cheek I 

Duodenal  ulcer i     Anal  fistula 1 

Salpingitis 2     Hemorrhoids I 

Exploration i     Tumor  of  left  antrum 1 

Carcinoma  of  breast 2  Mixed  tumor  of  the  right  parotid  ^and     I 

Retroversion  of  the  uterus 8  Osteom}relitis .  . 

Ventral  hernia 1  Sterility  '" 

Ovarian  tumor S  Epithelio 

Appendicitis  in  pregnancy  is  a  frequent  occurrence  and  is  most 
dreaded  on  account  of  its  danger  to  mother  and  child.  Paddock,  quot- 
ing Schmidt  in.  1911,  says  that  2.5  per  cent  of  women  having  appendi- 
citis arc  pregnant,  and  1  per  cent  of  all  pregnant  women  complain  of  or 
suffer  from  appendicitis.  This  percentage  agrees  with  our  statistics, 
that  is,  57  (1.9  per  cent)  in  pregnant  women  out  of  some  3000  cases 
of  appendicitis  in  women  operated  on  during  the  three-year  period. 
The  incidence  of  appendicitis  is  not  higher  during  pregnancy  than  a' 
other  times,  but  a  woman  having  had  attacks  of  appendicitis  is  apt  t" 
have  a  lighting  up  of  the  condition  during  an  ensuing  pregnancy-  ^ 
Jjce  asserts  that  this  fact  in  itself  should  not  necessarily  indicate  opn&- 
tion  unless  the  patient's  condition,  or  further  attacks,  make  it  advisable. 

An  acute  attack  of  appendicitis  during  pregnancy  calls  more  impera- 
tively for  operation  than  an  attack  during  the  non-pregnant  state.    Tbe 
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danger  of  abortion  or  general  peritonitis  following  ruptured  appendix  in 
these  cases  is  greatly  increased  and  the  mortality  rate  is  higher.  Murphy 
advised  immediate  operation,  and  quoted  Wagner  as  estimating  a  77  per 
cent  mortality  in  the  cases  of  acute  appendicitis  in  which  operation  was 
not  done.  Most  of  our  cases  (27)  in  which  operation  was  done  were 
of  the  interval  type,  and  it  is  in  this  group,  when  immediate  operation 
is  not  imperative,  that  decision  is  most  difficult. 

We  have  endeavored  to  determine  the  relative  safety  of  the  opera- 
tion for  both  mother  and  child  and  the  condition  of  the  mother  and  child 
after  delivery.  In  the  100  cases  there  were  9  miscarriages,  8  of  which 
were  terminal  events  with  the  death  of  the  patient  from  other  causes. 
A  conservative  estimate  would  indicate  that  every  fifth  or  sixth  preg- 
nancy in  private  practice  ends  in  abortion  (Williams).  It  is  of  interest 
to  note  in  our  series  that  1  miscarriage  occurred  after  appendectomy  for 
acute  appendicitis,  1  after  a  gallbladder  and  appendix  operation,  3  after 
single  ovariectomy  and  appendectomy,  1  each  after  enucleation  of  a 
uterine  fibroid  tumor  and  thyroidectomy  for  simple  goiter,  and  2  (with 
death  of  the  patient  from  peritonitis  and  pneumonia  in  1  case  and  acute 
terminal  nephritis  and  general  peritonitis  in  the  other)  following  gall- 
bladder and  appendix  operations.  Four  of  the  miscarriages  occurred  in 
gestations  under  two  months,  2  at  two  months,  2  at  three  months,  and 
1  at  four  months.  Therefore,  of  the  50  patients  operated  on  within  a 
three  months'  gestation  there  were  7  (14  per  cent)  miscarriages;  of  45 
patients  between  three  and  five  months,  3  (4.4  per  cent)  miscarriages. 
There  were  5  pregnancies  of  more  than  six  months  in  which  there  were 
no  miscarriages. 

The  complication  second  in  frequency  to  appendicitis  is  gallbladder 
trouble.  Of  2215  women  having  gallbladder  operations  during  this 
period  26  (1.17  per  cent)  were  pregnant.  The  patient  having  cholecys- 
titis or  gallstones  which  are  not  producing  dangerous  symptoms  should 
not  be  operated  on  during  pregnancy.  In  the  26  gallbladder  opera- 
tions in  our  series  two  patients  died  and  one  miscarried,  a  percentage 
which  might  not  be  so  high  in  a  larger  group  of  cases. 

Pelvic  tumor  is  a  very  important  surgical  complication.  There  were 
eight  such,  associated  with  pregnancy  in  the  patients  operated  on,  and 
18  in  the  patients  not  operated  on.  The  decision  of  the  operator  in 
such  instances  will  depend  largely  on  the  nature  of  the  tumor.  Unless  a 
fibroid  tumor  is  in  a  position  to  obstruct  at  the  time  of  delivery,  or  is 
producing  dangerous  symptoms,  it  should  not  be  disturbed  during  preg- 
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nancy.  If  it  is  in  a  position  to  obstruct,  a  Cesarean  section  at  term  is 
probably  the  safest  procedure, 

Lockyer  writes:  "The  indications  for  myomectomy  on  the  gravid 
womb  must  be  few,  and  this  operation  has  been  performed  possibly  more 
often  than  would  be  deemed  justifiable."  On  the  other  hand,  Davis, 
Kosmak,  and  others  have  reported  successful  operations  followed  by  the 
delivery  of  normal  children  at  term.  Richardson  stated  that  in  his  expe- 
rience in  every  instance  in  which  it  seemed  necessary  to  remove  a  fibroid 
from  the  pregnant  uterus  the  operation  was  successful  and  the  growth 
and  birth  of  the  child  were  not  interfered  with.  Of  the  20  patients  with 
fibroid  tumor  and  pregnancy  examined  in  the  Clinic  during  the  three- 
year  period,  only  three  were  operated  on  and  one  of  these  miscarried. 

Ovarian  tumor  as  a.  complication  is  considered  with  much  graver 
concern.  In  such  tumors  trouble  may  occur  by  a  twisting  of  the  pedicle, 
causing  rupture  and  producing  abortion,  or  obstructing  delivery.  In 
1916  Beach  reviewed  the  subject  exhaustively.  He  quoted  from  an 
article  of  Patton's  published  in  1906  in  which  321  cases  were  reported. 
In  24  of  these  there  was  torsion  of  the  pedicle,  and  of  95  patients 
treated  expectantly  there  was  a  maternal  mortality  of  26.3  per  cent 
against  a  mortaUty  of  4.3  per  cent  in  184  patients  operated  on.  The 
miscarriages  were  about  equal — 18.9  per  cent  in  the  former  and  19 
per  cent  in  the  latter.  Barrett  reported  38  patients  not  operated  on 
before  term,  with  a  maternal  mortality  of  18.4  per  cent  as  against  76 
patients  operated  on  with  a  maternal  mortality  of  2.6  per  cent.  In 
those  treated  expectantly  there  was  18  per  cent  of  abortions  and  only 
12.3  per  cent  in  those  operated  on.  Barrett  advises  early  removal 
of  the  tumor  because  of  the  good  results  to  both  mother  and  child  and 
the  lessened  danger  at  labor.  He  further  states  that  even  during  the 
latter  half  of  pregnancy  the  results  are  such  as  to  warrant  the  re- 
moval. In  eight  of  his  cases  of  double  ovariotomy  six  went  to  term. 
This  would  seem  to  disprove  the  idea  that  the  internal  secretion  of  the 
corpus  luteum  is  necessary  to  the  normal  continuance  of  pregnancy.' 

There  were  six  ovarian  tumors  in  our  253  cases.  Five  of  these  were 
operated  on,  a  single  ovary  being  removed  in  each  case.  In  one  other 
case  an  abscessed  ovary  and  tube  were  removed.  A  miscarriage  fol- 
lowed in  this  and  in  two  other  cases.  In  one  case  in  which  a  diagnosis 
was  made  of  pregnancy  associated  with  a  large  uterine  fibroid  the  patient 
was  found  to  have  an  ovarian  cyst  at  operation  eight  weeks  after  a 
normal  delivery.     Other  operations  were  amputations  of  the  breast. 
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nephrectomy  (one),  hemorrhoidectomies,  partial  thyroidectomies,  and 
in  one  case  an  operation  on  the  cervix.  This  patient  was  sent  in  with 
a  diagnosis  of  sterility,  having  had  an  apparently  normal  menstrual 
period  three  and  one-half  weeks  before.  Notwithstanding  a  Pozzi 
operation,  an  early  pregnancy  was  not  interrupted  and  the  patient 
went  to  a  normal  delivery. 

Two  radical  breast  amputations  for  carcinoma  were  performed,  one 
at  six  and  one-half  months  and  another  at  seven  months,  without  in- 
terruption of  pregnancy.  In  three  other  patients  an  adenoma  was 
removed  from  the  breast.     None  of  these  miscarried.* 

A  nephrectomy  for  tuberculous  kidney  was  performed  without  mis- 
hap. Schmidt  reviews  Hartmann's  30  cases  of  nephrectomy  and  five 
additional  from  the  literature.  There  was  a  maternal  mortality  of  two 
(5.7  per  cent),  known  normal  tabor  in  21,  and  death  of  the  fetus  in  15 
per  cent  of  the  cases.  Harrigan  and  Beer  each  report  a  nephrectomy 
followed  by  normal  labor  at  term. 

Very  rarely  is  a  thyroid  operation  indicated  during  pregnancy.  Of 
35  pregnant  women  with  adenoma  of  the  thyroid  examined,  31  were 
advised  to  delay  operation  until  after  confinement.  Of  6  patients  with 
exophthalmic  goiters,  4  were  operated  on,  but  in  one  patient  only  was  a 
primary  thyroidectomy  done.  The  total  number  of  women  with  exoph- 
thalmic goiters  examined  was  1055,  of  whom  6,  or  about  J^  per  cent, 
were  pregnant.  Of  the  total  number  of  2404  women  with  simple 
goiters,  only  35  (1.4  per  cent)  were  pregnant. 

Conclusions 

1.  Any  operation  which  can  be  postponed  until  after  confinement 
should  not  be  done  during  pregnancy. 

2.  When  necessary,  operations  for  appendicitis  can  be  done  without 
undue  risk  to  mother  and  child. 

3.  It  is  rarely  necessary  to  operate  for  fibroid  tumors  complicating 
pregnancy,  but  when  operation  is  necessary,  it  is  associated  with  little 


4.  The  removal  of  an  ovarian  cyst  during  pregnancy  is  less  dangerous 
to  the  mother  than  is  expectant  treatment. 

5.  While  the  time  most  favorable  for  operation  is  believed  to  be  in 

the  first  half  of  pregnancy,  when  necessary,  it  can  be  done  later. 

*  In  a  peraonal  communication  Speck  reporta  the  case  of  a  woman  three  months  preg- 
nant vho  had  her  left  breaat  accidentally  shot  away  with  a  load  of  bird-ahot.  She  went 
to  nonad  conBnement  aad  was  delivered  of  a  normal  living  child. 
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MYOMAS  OF  THE  UTERUS,  WITH  SPECIAL  REFER- 
ENCE TO  MYOMECTOMY* 


To  my  knowledge  there  has  been  no  reported  case  of  a  tumor  com- 
posed of  voluntary  (striped)  muscle-fibers  of  the  fully  developed  type 
found  in  voluntary  muscle.  It  is  true  that  rhabdomyomas  occur, 
especially  in  the  genito-urinary  tract,  but  the  striped  fibers  are  always 
embryonic  in  character.  True  myomas  are  therefore  of  the  involuntary 
(non-striped)  muscle,  and  wherever  smooth  muscle  is  to  be  found  they 
are  an  inherent  possibility.  Smooth  muscle  has  a  remarkable  power 
of  hypertrophy,  but  this  is  not  true  of  striated  muscle,  which  reaches 
its  maximum  in  adult  life  and  appears  to  be  incapable  of  greater  develop- 
ment in  later  years. 

Meltzer,'  referring  to  Triepel's  investigations,  calls  attention  to  the 
fact  that  the  permanent  reserve  power  of  the  voluntary  muscles  is 
comparatively  small.  Crile'  and  Cannon*  have  shown  that  under  the 
influence  of  fear  or  anger  extraordinary  reserve  of  the  voluntary  muscles 
can  be  brought  about  temporarily.  This,  however,  is  not  due  to  hyper- 
trophy, but  is  the  result  of  acceleration  of  the  blood  supply  through 
increased  activity  of  the  internal  secretion  of  the  thyroid,  suprarenals, 
and  other  endocrine  glands,  which  at  the  same  time  inhibit  gastro- 
intestinal action  through  the  autonomic  system  and  reduce  the  circula- 
tion of  blood  to  the  viscera.  The  increased  muscular  power  comes  about 
in  the  same  way  in  which  an  engine  steaming  at  190  pounds'  pressure 
would  produce  greater  power  than  when  steaming  at  160  pounds' 
pressure.  Increased  activity  of  the  voluntary  muscles  results  in  fatigue, 
owing  to  the  acid  products  which  accumulate,  and  these  acids  are  re- 
moved from  the  muscular  system  through  bases  which  are  quickly 
supplied  by  food  during  rest.  Stonewall  Jackson,  one  of  the  greatest 
soldiers  America  has  produced,  by  taking  advantage  of  this  fact. — 
dividing  the  march  into  periods  with  complete  relaxation  for  a  short 
*  R^nnted  trom  Jour.  Am.  Med.  Assn.,  19IT.  Ixviii,  88T-8EH). 
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time  between  each  period,  and  giving  the  soldiers,  during  this  time  of 
rest,  such  food  as  he  could  obtain, — was  able  to  march  infantry  as  many 
aa  40  miles  over  bad  roads  in  twenty-four  hours.  This  obtained  for 
them  the  unique  appellation  of  "foot  cavalry." 

Smooth  muscle,  on  the  contrary,  apparently  cannot  be  speeded  up 
to  the  same  extent  to  meet  emergencies,  but  must  have  time  for  muscle 
hypertrophy  to  take  place.  Muscle  hypertrophies  are  work  hyper- 
trophies, such  as  occur  from  obstruction  in  the  gastro-intestinal  tract, 
or  they  depend  on  lack  of  proper  stimulation,  owing  probably  to  failure 
of  the  nodal  system,  as  shown  by  Keith,*  which  failure  gives  rise  to  such 
various  conditions  as  cardiospasm,  pylorospasm,  stasis,  Hirschsprung's 
disease,  etc. 

It  has  been  shown  by  Cannon  and  Alvarez^  that  smooth  muscle-fiber 
has  within  itself  the  power  of  contraction  independent  of  nerve  or  blood 
supply.  A  bit  of  intestine  placed  in  Locke's  solution  will  beat  for  hours. 
Our  knowledge  of  the  heart  is  most  complete  in  this  detail;  the  heart- 
beat begins  in  the  muscle-fibers  of  the  auricle,  and  the  impulses  are 
collected  in  the  sino-auricular  node — a  primitive  muscle-nerve  type  of 
ganglion  endowed  with  automatic  function.  These  impulses  are  carried 
to  the  ventricle  through  the  muscle  bundle  of  His,  timing  the  ventricular 
beat.  All  smooth  muscle,  as  shown  by  Keith,  has  its  primary  contrac- 
tion or  its  beat,  so  to  speak.  The  intestinal  tract  has  two  beats:  one 
from  15  to  iO  times  to  the  minute,  which  may  act  as  the  heart  of  the 
portal  circulation  (Mall),  and  the  second,  once  or  twice  to  the  minute. 
The  latter  we  recognize  as  peristalsis.  The  uterus  has  its  beat,  which, 
during  pregnancy,  becomes  so  marked  that  it  is  a  diagnostic  sign  of 
value  as  the  examiner  places  his  hand  over  the  suprapubic  region  to  feel 
the  uterine  contractions. 

As  yet  there  has  JDcen  no  good  explanation  of  the  absence  of  myomas 
in  the  voluntary  muscle  and  the  frequency  of  these  tumors  in  the  invol- 
untary muscle.  The  cause  is  undoubtedly  connected  with  the  primitive 
power  of  contraction  of  smooth-muscle  fibers  and  their  ability  to  hyper- 
trophy quickly  in  response  to  demand.  In  this  connection  it  is  well  to 
remember  that  the  round,  broad,  ovarian,  and  uterosacral  ligaments 
contain  smooth  muscle  derived  from  the  uterine  wall,  and  that  myomas 
and  adenomyomas  (Cullen*)  may  occur  in  these  locations. 

It  has  been  shown  that  IS  per  cent  of  white  and  30  per  cent  of  colored 
women  of  fifty  years  of  age  have  uterine  myomas.  Clark  and  Miller^ 
state  that  at  the  Charity  Hospital  in  New  Orleans  50  per  cent  of  colored 
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women  of  thirty-five  who  have  not  borne  children  have  myomas  of  the 
uterus.  This  high  percentage  indicates  that  only  a  small  proportion  of 
women  with  myomas  have  symptoms,  and,  therefore,  we  cannot  accept  the 
opinion,  so  frequently  expressed,  that  every  myomatous  uterus  should  be 
considered  surgical.  We  should  believe,  rather,  that  only  those  myomas 
which  are  giving  rise  to  symptoms  require  operation,  although  all  women 
who  have  myomas  should  be  examined  at  intervals  to  see  that  the 
tumors  are  causing  no  harm.  It  has  been  estimated  that  30  per  cent 
of  women  with  myomaa  die  within  five  years  if  not  operated  on.  Xoble,* 
as  a  result  of  his  investigation  of  2i7i  cases  in  which  myomas  were 
removed  by  hysterectomy,  states  that  in  30  per  cent  there  were  patho- 
logic conditions  present  which  would  have  led  to  death.  We  can  accept 
these  figures  if  the  premise  be  changed;  that  is,  that  the  lives  of  30  per 
cent  of  women  who  have  myomas  which  cause  symptoms  would  be 
materially  shortened  if  the  myomas  were  not  removed.  Thus  we 
exclude  that  large  number  of  women  who  have  small  myomas  which  are 
not  producing  symptoms. 

The  most  common  conditions  indicating  operation  are  those  which 
result  from:  (a)  hemorrhage;  (6)  degeneration  of  the  tumor  (22  per 
cent);  (c)  malignant  disease,  usually  carcinoma  of  the  body  of  the 
uterus  (4  per  cent);  10  per  cent  of  women  more  than  fifty  years  of  age 
who  come  to  operation  for  uterine  myoma  have  complicating  malig- 
nancy; (d)  tumors  causing  pressure.  The  large  majority  of  patients 
with  tumors  which  can  be  felt  suprapubically  belong  to  this  group,  and, 
with  or  without  symptoms,  should  be  operated  on.  In  30  per  cent  of 
patients  with  myomatous  uteri  causing  symptoms  the  ovaries  and 
tubes  are  so  seriously  diseased  as  to  require  operation  independently 
of  the  myomas. 

The  diagnosis  of  uterine  myomas  in  about  5  per  cent  of  our  cases 
was  more  or  less  incorrect.  The  presence  of  a  tumor  of  the  ovary,  either 
benign  or  malignant,  usually  caused  the  failure  of  differentiation,  espe- 
cially when  small  fibroid  nodules,  of  no  consequence  in  tbemaelves,  were 
to  be  felt  in  tJie  uterus. 

The  use  of  the  roentgen  ray  and  radium  in  disease  is  interesting  and 
in  some  respects  encouraging.  It  seems  to  be  generally  agreed  that  the 
gamma  rays  are  the  responsible  agents,  and  that  there  is  little  difference 
■n  effect  whether  they  are  produced  by  radium  or  the  roentgen  ray. 
Radium  has  the  advantage  of  containing  definite  and  measurable 
quantities.     It  is  portable  and  convenient,  and  does  not  require  great 
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skill  in  application.  The  roentgen  ray  requires  greater  skill,  and  should 
be  used  only  by  the  more  expert.  The  treatment  of  uterine  myomas 
by  irradiation  would  appear  to  be  contraindicated  in  degenerating 
and  submucous  tumors,  where  inflammatOTy  disease  of  the  ovaries 
and  tubes  co-exist,  and  in  all  doubtful  tumors.  Forssell,*  the  lead- 
ing Scandinavian  roestgenologist,  states  that  he  caused  the  disap- 
pearance of  30  per  cent  of  sarcomas;  but  he  has  had  no  four-year 
cures.  He  further  states  that  he  has  many  cures  of  superficial  carcino- 
mas, but  few  of  deep-seated  carcinomas.  Holding,  of  the  Memorial 
Cancer  Institute  of  Cornell,  agrees  with  these  statements  and  adds  much 
to  our  knowledge  of  the  subject.  He  calls  attention  to  the  fact  that 
irradiation  has  an  especially  destructive  effect  on  nuclei,  and  the  greater 
the  nucleation  of  the  growth,  the  better  the  effect  of  irradiation.  He 
states  also  that  irradiation  will  often  cause  healing  over  a  cancerous 
surface  and  give  a  fictitious  appearance  of  cure.  Colwell  and  Russ" 
show  that  irradiation  acts  markedly  to  obliterate  the  capillaries,  perhaps  ' 
because  they  have  only  the  inner  endothelial  coat.  It  does  not  act  to  a 
great  extent  on  the  larger  three-coated  blood-vessels.  This  peculiarity 
accounts  for  the  splendid  results  obtained  by  irradiation  in  vascular 
and  lymph  tumors,  and  also  for  the  extraordinary  reduction  of  the 
enlarged  leukemic  spleen.  The  splenic  vessels  have  only  the  inner  coat. 
Colwell  and  Russ,  however,  show  that  islands  of  cancerous  tissue  cling 
to  the  larger  ve.ssels  where  irradiation  will  seldom  destroy  them.  Cer- 
tainly one  would  hesitate  to  trust  to  irradiation  for  the  cure  of  a  probably 
malignant  change  in  a  myomatous  uterus.  Our  own  experience  in  this 
connection  is  too  limited  to  be  of  value,  although  in  the  modest  number 
of  cases  of  all  sorts  in  which  wc  have  used  these  agents  during  the  past 
seven  years  we  have  had  a  few  excellent  results,  but  unfortunately  only 
a  few  in  malignant  disease,  excepting  superficial  lesions. 

One  cannot  escape  from  the  conviction  that  in  myomatous  disease 
the  use  of  radio-active  substances  is  destructive — non-operative,  but  not 
conservative.  In  the  great  majority,  if  not  all.  of  the  cases  in  which  the 
myomas  completely  disappear  under  their  use,  the  patient  loses  the 
function  of  the  ovaries,  tubes,  and  uterus,  although  the  non-functionat- 
ing remnants  were  left  in  situ. 

It  is  urged  by  those  who  are  devoted  to  the  radio-active  treatment 
of  myomas  that  many  patients  are  such  poor  surgical  risks  that  they 
cannot  be  operated  on,  and  for  that  reason  there  is  a  wide  field  of  useful- 
ness for  theae  agents.     We  are  told  that  certain  patients  cannot  be 
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operated  on  because  of  marked  secondary  anemia,  yet  I  have  operated 
many  times  when  the  hemoglobin  was  under  30  and  twice  when  it  was 
under  20,  with  recovery  of  the  patients.  In  any  event  the  condition  of 
such  patients  can  be  improved  hy  hlood  transfusion,  for  the  practical 
benefits  of  which  we  are  indebted  to  Crile.  Again,  we  are  told  that 
certain  patients  cannot  be  operated  on  because  of  high  blood-preaaure; 
but  unless  the  high  blood-pressure  is  due  to  cardiorenal  or  thyroid 
disease,  it  does  not  apparently  add  to  the  operative  risk.  We  frequently 
operate  on  patients  of  the  uncomplicated  arteriosclerotic  type  with 
blood-pressure  from  180  to  250  or  more,  and  we  have  never  had  a  death 
following  the  operation  which  we  could  attribute  to  the  hypertension. 

Uterine  myomas  are  rather  frequently  associated  with  goiter.  The 
estimation  of  the  operative  risk  depends  on  the  condition  of  the  thyroid 
(goiter  heart).  Heart  lesions  of  any  description  lead  to  a  fear  of  opera- 
tion. The  common  type  of  lesion  is  mitral,  beginning  in  the  young, 
especially  females,  as  an  endocarditis  in  connection  with  chorea,  or 
"inflammatory  rheumatism,"  and  without  hypertension.  If  well  com- 
pensated, this  type  of  lesion  apparently  does  not  increase  the  surgical 
risk.  Women  with  bleeding  submucous  myomas  occasionally  develop 
heart  lesions  of  the  same  character,  with  marked  secondary  anemia, 
probably  due  to  a  similar  infection,  and  the  condition  is  an  indication 
for,  rather  than  against,  operation. 

Hysterectomy  has  been  and  still  is  the  operation  of  choice  for  all 
symptom -producing  myomas,  and  it  has  much  to  commend  it.  In 
patients  above  forty  years  of  age,  and  especially  those  with  degeneration 
of  the  tumor,  this  operation  is  indicated.  Supravaginal  hysterectomy 
has  a  definite  technic  which  has  been  so  thoroughly  and  carefully  worked 
out  in  the  past  twenty  years  that  it  has  become  the  standard  operation. 
Preserving  the  cervix  renders  the  operation  easier  and  safer,  but  the 
cervical  remnant  has  n^  function  and  two  unfortunate  propensities: 
First,  it  leaves  the  patient  with  a  liability  to  cancer — an  average  liability, 
according  to  our  experience,  although  Winter  and  others  believe  that  in 
myomatous  disease  the  liability  b  increased^and,  second,  it  is  the  cause 
of  the  large  majority  of  those  sometimes  troublesome  vaginal  discharges 
which  go  by  the  name  of  leukorrhea,  due  to  subsequent  disease  of  the 
mucous  glands  of  the  cervix.  For  this  reason,  in  all  cases  of  erosion, 
cystic  degeneration  or  other  disease  of  the  cervix,  we  remove  the  cervix 
with  the  body  of  the  uterus,  provided  it  can  be  done  without  unduly 
increasing  the  risk  of  the  operation. 

There  has  been  a  great  deal  of  difference  of  opinion  as  to  whether  or 
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not  the  ovanea  should  be  saved.  It  would  seem,  however,  that  to 
remove  the  normal  ovaries  merely  because  we  are  doing  a  hysterectomy 
is  an  unwarranted  mutilation.  Norris  and  Clark's"  investigations  show 
that  saving  the  ovaries  materially  reduces  the  unpleasant  physical  and 
nervous  effects  which  often  follow  hysterectomy.  That  the  ovaries 
have  an  internal  secretion  as  well  as  the  function  of  ovulation  is  well 
known,  and  in  the  young  this  internal  secretion,  even  from  ovaries  in 
which  the  function  of  ovulation  never  occurs,  causes  at  least  development 
of  the  feminine  characteristics. 

The  internal  secretion  of  the  ovary  and  testicle  also  has  to  do  with 
the  closure  of  the  epiphyseal  lines  in  adolescence;  and  removal  of  these 
organs  in  the  young  leads  to  late  closure  of  the  epiphyseal  lines  and 
increased  growth  of  the  long  bones,  which,  in  connection  with  a  hyper- 
active pituitary  secretion,  produce  the  tall,  spindle  type  of  giantism. 
That  the  function  of  the  ovaries  is  entirely  independent  of  nerve  supply 
is  shown  hy  the  experience  of  Tuffier,"  who,  in  operating  for  pus  tubes, 
removes  the  ovaries  and  tubes,  sterilizes  the  ovary  either  by  passing  it 
through  an  alcohol  flame  or  by  dipping  it  in  tincture  of  iodin,  and 
implants  it  in  the  abdominal  wound  just  outside  the  peritoneum.  For 
a  few  months  after  operation  the  patient  shows  marked  evidence  of 
beginning  menopause;  in  from  four  to  six  months  these  symptoms 
disappear,  and  menstruation  reappears  and  continues  in  a  normal 
manner.  Only  autografts,  however,  have  this  property;  in  Tuffier's 
experience  homografting  and  heterografting  of  ovaries  were  a  failure. 
BeatsoQ,^'  of  Glasgow,  found  that  in  some  hopeless  cancers  of  the  breast 
removal  of  the  ovaries  produced  an  extraordinary  effect  on  the  cancer, 
several  patients  of  this  description  being  apparently  cured.  Beatson  is 
a  most  distinguished  as  well  as  conservative  surgeon,  and  his  results, 
which  have  been  duplicated  by  others,  well  show  the  remarkable  effect 
of  stopping  the  internal  secretion  of  the  ovaries. 

We  have  been  able  to  save  one  ovary  in  more  than  50  per  cent,  and 
both  ovaries  in  more  than  25  per  cent,  of  all  the  hysterectomies  we  have 
done  for  myomatous  disease.  From  the  standpoint  of  conservation  of 
the  ovary,  hysterectomy  is  preferable  to  radium  and  the  roentgen  ray, 
since  when  thus  effectively  treated  the  ovaries  are  destroyed.  Acknowl- 
edging, as  we  must,  the  great  benefits  which  have  accrued  to  woman 
through  hysterectomy,  we  cannot  blind  ourselves  to  those  physical  and 
nervous  changes  which  sometimes  follow,  especially  in  younger  women. 
It  would  be  interesting  to  know  what  percentage  of  divorces  have  had 
their  origin  in  this  operation.     It  is  not  that  hysterectomized  women 
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become  coarse,  although  they  often  gain  in  weight,  but  certain  physical 
and  nervous  changes  take  place  which  may  result  in  unhappiness.  The 
noblest  instinct  of  woman,  that  of  motherhood,  is  at  hazard.  Because 
of  the  ease  and  the  surgical  certainty  of  hysterectomy,  have  we  not 
sometimes  too  quickly  advised  and  practised  a  mutilating  operation? 
I  regret  to  say  that  we  now  occasionally  see  a  young  woman  in  whom  a 
condition  equivalent  to  hysterectomy  with  removal  of  both  ovaries  has 
been  brought  about  by  radium  or  the  roentgen  ray.  To  one  who  takes 
a  view  of  the  whole  situation,  myomectomy  must  present  itself  as  the 
only  truly  conservative  procedure,  and  becomes  the  operation  of  choice 
for  a  large  number  of  patients,  provided  always  it  can  be  done  without 
an  increase  of  risk  and  with  reasonable  certainty  as  to  cure. 

Myomectomy  for  myomas  of  the  uterus  has  not  been  a  popular 
operation.  It  has  been  urged  against  it,  first,  that  the  mortality  of  the 
procedure  itself  is  higher  than  that  of  hysterectomy,  and,  second,  that 
more  tumors  would  develop  and  necessitate  hysterectomy  later.  As  to 
the  mortality:  From  January  1,  1891,  to  September  1,  1916,  we  ha\'e 
done  504  consecutive  myomectomies  with  four  deaths  in  the  hospital — 
a  mortality  of  0.8  per  cent.  Counting  as  a  death  from  the  operation 
every  patient  who  died  in  the  hospital  following  myomectomy,  without 
regard  to  cause  or  length  of  time  after  operation,  certainly  this  mortality 
compares  favorably  with  that  of  hysterectomy.  As  to  the  second  objec- 
tion, only  five  patients  required  hysterectomy  later  for  any  cause. 

It  must  be  taken  into  consideration,  however,  that  the  patients  whom 
we  subjected  to  myomectomy  were  in  a  way  selected  cases.  Myomec- 
tomy was  not  often  done  in  those  over  forty,  and  it  was  not  frequently 
done  after  the  age  of  thirty-five  unless  the  conditions  were  such  as  to 
make  it  safe.  On  the  contrary,  it  was  done  for  the  majority  of  patients 
with  myomas  who  were  under  thirty -five  years  of  age,  and  for  practically 
all  under  thirty  years.  As  the  tumors  which  require  operation  are  much 
more  frequent  after  the  fortieth  year,  it  can  be  readily  seen  that  we 
have  been  conservative  in  choosing  cases  for  myomectomy. 

Myomectomy  is  a  more  difficult  operation  than  hysterectomy,  be- 
cause the  technic  must  be  varied  according  to  the  character,  situation, 
size,  and  number  of  tumors.  But  myomectomy  does  not  present  greater 
difficulties  than  can  be  easily  mastered  by  the  experienced  surgeon.  I 
have  previously  described"  the  technic  of  this  operation,  and  have  found 
it  necessary  to  make  but  little  change  since. 

Fourteen  patients  were  pregnant  at  the  time  the  myomectomy  was 
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performed,  and  the  majority  went  to  term  and  were  delivered  of  living  I 
children.  When  it  is  considered  that  in  the  tatter  group  the  tuwor^ 
were  degenerating  with  acute  symptoms,  and  that  in  a  large  proporttan 
indications  of  spontaneous  emptying  of  the  uterus  were  present  at  tbe 
time  of  the  operation,  it  is  remarkable  that  the  disturbance  so  frequently 
quieted  down  without  premature  expulsion  of  the  child.  In  not  a  sngir 
instance  have  we  been  obliged  to  do  hysterectomy  on  the  pregnaLt 
myomatous  uterus  with  a  non- viable  child. 

Twenty-four  of  our  504  myomectomized  patients  have  had  li^ii^t 
children  since  the  operation,  and  seven  have  had  two  or  more.  Thirh'- 
eight  living  children  to  date  following  myomectomy  is  a  strong  argument 
for  the  conservative  operation.     Five  others  are  normally  pregnant  no*. 

From  this  investigation  as  to  actual  results  covering  a  period  of 
twenty-five  years  it  is  evident  that  the  operation  of  myomectomy  las 
not  received  the  attention  it  merits.  We  should  bend  every  effort  to 
improve  the  technic  and  further  the  indications  for  this  operation,  the 
only  truly  conservative  procedure  for  myomas  of  the  uterus,  an  opoa- 
tion  which  removes  the  tumor  and  leaves  the  patient  as  she  would  htyt 
been  had  she  never  possessed  it, 
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En^mes  are  known  only  by  the  products  of  their  activity.  The 
same  may  be  said  of  the  thyroid,  with  this  distinction,  that  no  chemical 
substance  has  ever  been  shown  to  be  the  direct  product  of  thyroid  activ- 
ity, and  the  only  end-results  we  can  now  recognize  are  clinical  and 
experimental  conditions  of  man  and  animals.  Surgeons,  clinicians, 
pathologists,  physiologists,  and  chemists  have  contributed  to  a  volu- 
minous literature  concerning  this  gland,  but  its  function  has  not  been  re- 
vealed. Clinicians  have  failed  to  agree  concerning  thyroid  disturbances, 
pathologists  have  still  to  come  to  an  understanding  in  regard  to  the  histo- 
logic pictures  of  disturbed  thyroid  activity,  physiologists  have  not  yet 
concurred  in  what  is  the  function  of  the  gland,  nor  has  any  physiologic 
test  of  its  activity  been  universally  accepted. 

The  clinician  is  able,  by  an  analysis  extending  over  thousands  of  cases 
and  many  years'  observation,  to  establish  certain  fundamental  aspects 
of  thyroid  activity  which  find  their  proof  in  definite  clinical  syndromes. 
The  pathologist  can  relate  conditions  of  the  gland  showing  various  stages 
of  activity  and  inactivity  to  certain  clinical  manifestations.  The  physi- 
ologist is  able  to  assign,  within  broad  limits,  the  function  of  the  thyroid, 
but  no  ultimate  proof  or  quantitative  conception  could  be  evolved  until 
the  thyroid  hormone  was  separated  as  a  chemical  entity  and  its  chemical 
identification  made  certain.  With  the  structural  formula  of  the  hor- 
mone established,  its  mode  of  action  may  be  directly  attacked  and  the 
final  proof  gf  the  function  of  the  thyroid  becomes  a  possibility.  The 
circle  may  be  completed  and  thyroid  activity  measured,  not  by  the 
clinical  results  of  its  action  alone,  but  also  by  definite  chemical  substances 
which  will  be  shown  to  be  the  end-products  of  its  activity. 

The  record  of  the  chemical  study  of  the  thyroid  is  possibly  the  most 
unsatisfactory  of  all  the  different  phases  of  the  investigation  of  the  gland. 
Twenty-one  years  previous  to  this  writing  Baumann  reported  the  pres- 
'Presented  before  the  Am.  Chem.  Soc.,  BoatoD,  September  9,  I91T. 
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ence  o(  iodin  a^  a  normal  constitueat  of  the  thyroid.  He  did  not  separate 
the  iodin-cantaining  compound,  and  although  several  other  attempts 
have  been  made,  up  to  the  time  of  the  present  investigation  no  single 
crystalline  substance  of  any  kind  has  been  separated  from  the  thyroid, 
which  possesses  physiologic  activity  the  same  as  desiccated  thyroid.' 

As  a  result  of  the  physiologic  investigation  of  the  thyroid,  more  and 
more  importance  has  been  attached  to  the  presence  of  iodin  in  thyroid 
split  products,  and  experiments  with  the  entire  glandular  substance  have 
established  the  necessity  for  the  iodin  compound  of  the  thyroid  in  order 
to  produce  typical  thyroid  activity.*'*"  It  was  recognized  that  the 
iodin  compound  in  the  thyroid  is  of  a  different  nature  than  any  other 
known  iodin  compound.  Several  iodin  compounds  have  been  tried  to 
see  if,  by  chance,  they  did  possess  physiologic  activity  similar  to  des- 
iccated thyroid,  but  none  has  been  found." 

Desiccated  thyroid  possesses  certain  definite  physiologic  activity. 
By  a  separation  of  the  thyroid  proteins  based  on  solubilities  Oswald 
showed  that  thyreoglobulin"-"  still  possessed  the  physiologic  activity 
of  desiccated  thyroid.  However,  a  chemical  hydrolysis  of  the  proteins  of 
the  thyroid  with  sulphuric  acid  destroys  the  physiologic  activity  of  the 
,  gland.  Of  recent  years  Baumann's  iodothyrin,  prepared  by  acid  hy- 
drolysis, has  been  more  and  more  discredited,"  and  at  the  present  time  it 
is  not  regarded  as  possessing  pharmacologic  properties  the  same  as  desic- 
cated thyroid.  Since  it  had  been  shown  that  desiccated  thyroid  and  the 
separated  protein  thyreoglobulin  both  possess  definite  physiologic  activ- 
ity, the  present  investigation  was  undertaken  with  the  hope  that  the 
thyroid  proteins  could  be  broken  down  by  some  method  other  than  an 
acid  hydrolysis,  which  would  not  destroy  the  physiologic  activity  of  the 
thyroid  hormone. 

The  Investigation  of  die  Chemical  Constituents  of  the  Gland,  viA 
Isolation  of  die  lodin-coataining  Compound  in  Pure  Crystalline  Form.' — 
I  began  the  chemical  investigation  of  the  thyroid  in  September,  1910, 
and  have  continued  it  practically  without  interruption  up  to  the  present 
time. 

Starting  with  fresh  and  desiccated  thyroid  the  present  investigation 
was  at  first  concerned  with  the  diffusibility  of  the  iodin-containing  com- 
pound. Iodin  is  not  dialyzable  from  the  thyroid  proteins,  and  it  will 
withstand  rather  severe  chemical  treatment  and  still  be  undialyzable 
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through  a  collodion  sack  in  running  water.  In  order  to  determine  the 
stability  of  the  iodin  compound,  various  hydrolytic  processes  were  ap- 
plied to  the  thyroid  proteins.  Among  others  the  alcoholic  alkaline 
hydrolysis  used  by  Vaughan  ^  was  tried,  and,  with  some  slight  modifica- 
tions, was  found  to  produce  a  deep-seated  hydrolysis  without  breaking 
off  iodin  from  its  organic  combination.  Furthermore,  the  hydrolysis  so 
alters  the  tod  in-containing  compounds  that  about  70  per  cent  of  the 
total  iodin  is  dialysable.  Another  change  brought  about  by  the  hy- 
drolysis is  the  solubility  of  the  iodia  compounds  in  acid.  About  50  per 
cent  of  the  total  iodin  contained  in  the  hydrolyzed  products  is  soluble  in 
acids,  and  50  per  cent  is  insoluble.  The  iodin  in  the  acid-insoluble  por- 
tion is  to  a  large  extent  not  dialyzable.  The  presence  of  iodin  in  organic 
(wmbination  and  in  non-dialyzable  form  was  encouraging  evidence  of 
the  stability  of  the  iodin  compound,  and  invited  further  investigation. 

The  physical  and  chemical  properties  of  the  acid- insoluble  group  of 
hydrolyzed  constituents  will  be  described  somewhat  in  detail,  since  this 
will  bring  out  the  chemical  problems  involved  and  some  of  the  difficulties 
encountered. 

An  alkaline  solution  of  the  acid-insoluble  constituents  is  dark  brown, 
almost  black,  with  a  green  fiuorescence,  and  shows  a  Tyndal  phenomenon 
with  a  beam  of  light.  The  non-diffusibility,  fluorescence,  and  Tyndal 
phenomenon  show  that  we  are  dealing  with  a  solution  of  colloidal  nature. 
Among  the  acid-insoluble  constituents  are  fatty  acids  resulting  from  the 
original  fat  in  the  desiccated  thyroid,  and  sulphur,  which  results  from  the 
decomposition  of  cystin.  The  solution  has  no  characteristic  odor  other 
than  a  general  fatty  smell.  The  first  step  used  in  the  method  of  separat- 
ing the  iodin  compound  is  to  dry  the  acid-insoluble  constituents,  mix 
with  infusoria)  earth,  and  extract  with  petroleum  ether  to  remove  fatty 
acids  and  sulphur. 

The  solubility  of  the  iodin  compound  in  organic  solvents  varies,  de- 
pending on  the  solvent  used,  the  presence  of  water,  whether  acid  is 
present,  and  the  temperature.  About  10  per  cent  of  the  total  iodin  is 
soluble  in  ethyl  ether,  but  only  a  small  amount  is  soluble  in  petroleum 
ether.  After  the  removal  of  the  fat  and  sulphur  the  powder  is  dissolved 
in  sodium  hydroxid,  filtered  free  from  infusorial  earth,  and  is  again  acidi- 
fied. This  precipitate  is  heavy,  flocculent,  and  amorphous,  and  when 
heated  above  40  to  50  C.  in  aqueous  solution,  turns  to  a  black,  tarry 
mass.  On  cooling  and  drying  it  is  found  to  be  brittle  and  may  be  broken 
up  into  a  fine,  dry  powder  almost  black.     The  dry  powder  is  soluble  in 
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acid  ethyl  alcohol  and  aqueous  solutions  of  sodium,  potassium,  and  am- 
monium hydroxids  and  carbonates.  It  is  in  part  precipitated  from  acid 
alcohol  by  the  addition  of  sodium  carbonate,  the  portion  precipitated 
being  a  sticky,  black,  tarry  mass.  Most  of  the  iodin-containing  com- 
pounds are  soluble  in  alcohol  in  the  presence  of  sodium  carbonate,  so 
that  this  is  a  valuable  aid  in  the  gross  separation  of  the  black,  tarry  im- 
purities from  the  constituents  which  contain  iodin.  However,  some  of 
the  iodin  is  carried  down  by  the  sodium  carbonate  precipitation,  showing 
that  the  iodin  compound,  although  probably  the  same  throughout  all 
the  different  precipitates,  is  attached  to  various  groups  of  compounds 
which  possess  different  solubilities. 

If  barium  hydroxid  is  added  to  the  alcohol  solution  after  removal  of 
the  sodium  carbonate  precipitate,  practically  all  the  rest  of  the  dark- 
colored  compounds  are  precipitated  by  the  barium.  This  precipitate 
carries  down  approximately  50  per  cent  of  the  iodin  present.  This  is 
still  another  evidence  of  the  different  groups  to  which  the  iodin  com- 
pound is  attached.  Since  the  alcohol  solution  remaining  after  precipita- 
tion vrith  barium  is  light  straw-colored,  the  alcohol-barium-soluble  con- 
stituents to  which  the  iodin  compound  is  attached  are  almost  colorless. 

Similar  separations  can  be  produced  in  aqueous  solution.  If  the 
dark-brown  alkaline  solution  of  the  hydrolyzed  products  is  acidified, 
almost  all  the  color  and  iodin  compounds  are  thrown  out  of  solution. 
Barium,  calcium,  and  magnesium  salts,  added  to  an  alkaline  aqueous 
solution  of  the  acid-insoluble  hydrolysis  constituents,  precipitates  prac- 
tically all  the  dark-colored  compounds,  leaving  a  very  light-colored  solu- 
tion. This  precipitation  divides  the  iodin  present.  About  one-half  is 
precipitated  by  the  alkaline  earths  and  one-half  is  soluble. 

These  precipitation  andjsolubility  properties  clearly  show  the  nature 
of  the  material  with  which  one  has  to  work.  It  is  a  mixture  of  com- 
pounds in  colloidal  form.  The  problem  is  not  one  of  separating  a  mechan- 
ical mixture  alone,  but  as  none  of  these  products  contain  more  than  5 
to  10  per  cent  of  iodin,  it  is  apparent  that  further  hydrolysis  must  be 
employed  to  break  the  ijond  linking  the  iodin  compound  with  its  heavy 
colloidal  components. 

The  most  striking  property  of  the  acid-insoluble  group  of  hydrolyzed 
products  is  their  acidic  nature.  They  can  be  dissolved  in  alkali  and  re- 
precipitated  by  acid  without  appreciable  loss  of  iodin. 

Many  attempts  were  made  to  separate  the  iodin  compound  by  its 
solubility  and  precipitation  properties  with  various  reagents.     No  spe- 
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cific  precipitant  was  found.  No  difference  in  solubility  was  found  which 
could  be  used  to  effect  a  separation.  After  many  attempts  to  separate 
the  iodin  compound  had  failed,  it  became  apparent  that  the  compound 
was  not  present  in  free  form,  but  was  still  firmly  bound  to  some  unknown 
substances. 

Experiments  showed  that  iodin  was  not  broken  off  when  dissolved  in 
moderately  strong  sodium  hydroxid.  In  the  hope  that  heating  in  aque- 
ous sodium  hydroxid  might  produce  a  further  hydrolysis,  the  acid-insol- 
uble constituents  of  the  alkaline-alcoholic  hydrolysis  were  heated  several 
hours  in  5  per  cent  sodium  hydroxid.  It  was  then  found  that  treatment 
with  sodium  hydroxid,  followed  by  precipitation  with  an  acid,  will  not 
effect  a  separation  of  the  iodin  compound  from  the  black  colloidal  im- 
purities. There  is  no  indication  that  sodium  hydroxid  breaks  the  bond 
between  the  iodin  compound  and  the  impurities,  at  least  in  such  a  man- 
ner that  it  cannot  be  readily  reestablished.  The  solubility  of  the  com- 
pounds present,  which  do  not  contain  iodin,  closely  parallels  the  solubil- 
ity of  the  iodin-containing  compound,  and,  as  far  as  alkali  and  acid  are 
concerned,  no  appreciable  separation  can  be  brought  about  by  alternate 
treatment  with  each. 

Since  the  addition  of  a  soluble  barium  salt  to  an  alkaline  solution  of 
the  acid-insoluble  products  of  hydrolysis  precipitates  practically  all  the 
brown  impurities  and  does  not  cany  down  all  the  iodin,  this  separation 
was  investigated  to  see  whether  the  percentage  of  iodin  in  the  acid-in- 
soluble constituents  could  thereby  be  increased.  The  acid-insoluble 
constituents  were  dissolved  in  dilute  sodium  hydroxid  and  barium  hy- 
droxid was  added.  The  solution  was  heated  in  a  nickel  crucible  at 
100  C.  for  eighteen  hours.  This  treatment  produced  a  precipitation  of 
the  brown  compounds,  giving  a  light-yellow  filtrate  of  the  barium -soluble 
constituents.  Determination  of  the  iodin  content  of  the  filtrate  showed 
that  about  50  per  cent  of  the  iodin  present  had  been  precipitated  from 
the  alkaline  solution  by  barium  hydroxid  and  50  per  cent  remained 
soluble.  Sodium  sulphate  was  added  to  the  water  solution  containing 
the  barium- soluble  constituents,  and  the  barium  was  removed  as  sul- 
phate. The  solution  was  then  acidified, and  a  copious  precipitate  obtained 
which  still  retained  iodin.  The  precipitate  was  filtered  off  and  dried. 
Analysis  showed  that  the  percentage  of  iodin  had  been  very  materially 
increased  by  this  treatment.  The  percentage  of  the  iodin  in  the  start- 
ing material  was  about  5  per  cent.  After  treatment  with  barium,  as 
outlined  above,  and  reprecipitation  with  an  acid,  the  iodin  was  found  to 
be  about  15  per  cent. 
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The  portion  of  the  starting  material  which  had  formed  a  dark,  Soocu- 
lent  precipitate  with  harium  hydroxid,  was  dissolved  in  sodium  hydroxid 
and  sodium  sulphate.  The  barium  sulphate  was  removed,  and  the  solu- 
tion was  acidified.  A  precipitate  formed  on  the  addition  of  the  acid,  and 
when  this  was  filtered  off  and  dried,  it  too  was  found  to  contain  an  in- 
creased  percentage  of  iodin.  By  treatment  with  barium  hydroxid  the 
percentage  of  iodin  contained  in  the  hydrolyzed  constituents  of  the  thy- 
roid proteins  had  been  increased. 

The  question  arose,  How  far  could  this  treatment  be  carried  out  as  a 
method  of  purification?  The  two  precipitates  were  dissolved  in  separate 
solutions  of  sodium  hydroxid,  barium  hydroxid  was  added  to  each,  and 
the  solutions  were  heated  in  nickel  crucibles  for  eighteen  hours  at  100  C. 
The  insoluble  portions  were  filtered  off,  the  barium  was  removed  as  out- 
lined above,  the  barium-soluble  constituents  of  each  crucible  were  com- 
bined and  again  acidified,  the  precipitate  filtered  off  and  dried,  and  analy- 
sis showed  that  the  percentage  of  iodin  present  had  increased  in  the 
barium-soluble  portion  to  26  per  cent.  With  many  misgivings  the  pre- 
cipitation with'  barium  and  beating  in  a  nickel  crucible  were  repeated 
still  another  time.  The  percentage  of  iodin  in  the  precipitate  obtained 
was  3S  per  cent.  Still  another  treatment  yielded  a  product  containing 
42  per  cent  of  iodin.  The  amount  of  material  now  consisted  of  less  than 
200  mg.  The  success  of  the  method,  however,  called  for  still  further 
treatment.  It  was  carried  out  in  the  same  manner,  and  a  precipitate 
containing  47.3  per  cent  of  iodin  was  obtained.  The  character  of  the 
precipitate  had  changed  and  the  color  of  the  solutions  bad  almost  dis- 
appeared. It  seemed  probable  that  some  other  method  of  purification 
could  now  be  applied  to  the  preparation  containing  47.3  per  cent  iodin. 

The  material  was  dissolved  in  95  per  cent  alcohol;  solution  was  com- 
plete. The  alcohol  was  evaporated  on  a  water-bath  to  a  small  volume, 
in  the  hope  that  some  crystals  might  separate.  By  a  chance,  however, 
the  dish  containing  the  alcohol  evaporated  to  dryness,  and  the  dried 
precipitate  was  heated  for  about  an  hour  after  the  alcohol  had  been 
driven  off.  It  was  thought  that  on  the  addition  of  more  alcohol  the 
white  powder  on  the  bottom  of  the  dish  would  again  be  dissolved,  and, 
possibly,  crystals  might  still  separate.  More  alcohol  was  therefore 
added,  but  a  white  incrustation  on  the  bottom  of  the  dish  was  insoluble 
in  alcohol.  I  believed  that  this  treatment  had  effected  a  further  sepa- 
ration, that  the  iodin-containing  compound  was  redissolved  in  the  al- 
cohol, and  that  the  white  incrustation  represented  impurities.  It  was 
filtered  off.     The  weight  of  this  white  powder  was  18.6  mg.     It  was 
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dissolved  in  sodium  hydroxid  and  a  portion  of  it  was  used  to  determine 
iodin,  when  it  was  found  that  the  iodin  amounted  to  60  per  cent.  The 
white  incrustation  was,  therefore,  not  an  impurity,  but  the  iodin  com- 
pound itself.  Its  solubility  in  alcohol  had  been  changed  by  heating  the 
residue  left  after  evaporation  of  the  alcohol.  More  of  the  acid-insoluble 
constituents  resulting  from  hydrolysis  of  the  thyroid  proteins  were 
treated  in  precisely  the  same  manner,  and  about  SOO  mg.  of  the  white 
residue  were  obtained.  When  this  was  dissolved  in  aqueous  sodium 
hydroxid,  precipitated  by  adding  sulphuric  acid  and  boiling,  it  was  con- 
verted into  fine  white  microscc^ic  crystals.  For  reasons  which  will  be 
given  hereinafter  this  iodin  compound  has  been  named  "thyroxin,"  and  it 
will  be  referred  to  by  that  name  throughout  the  remainder  of  this  article. 

As  the  yield  of  thyroxin  depended  on  the  amount  of  desiccated  thy- 
roid which  could  be  treated  at  any  one  time,  it  was  decided  to  enlarge 
our  facilities  for  the  hydrolysis  of  desiccated  thyroid,  which,  up  to  this 
time,  had  been  carried  out  in  glass  flasks.  An  ll-gallon  galvanized-iron 
tank  was  constructed,  which  could  take  care  of  500  grams  of  desiccated 
thyroid  at  one  time.  The  acid-insoluble  constituents  were  obtained  as 
before.  These  were  dissolved  in  dilute  sodium  hydroxid,  barium  hy- 
droxid was  added,  and  the  steps  outlined  above  were  carried  out.  No 
crystals  of  thyroxin  were  obtained. 

The  work  from  this  point  will  be  presented  in  a  logical,  rather  than  a 
chronologic,  order,  as  many  months  were  spent  in  elucidating  the  factors 
which  prevented  the  isolation  of  more  crystals. 

After  working  for  fourteen  months  in  an  endeavor  to  repeat  the  first 
isolation  of  the  crystals  it  was  found  that  there  were  five  conditions 
which  must  be  fulfilled  before  the  compound  could  be  isolated  in  pure 
crystalline  form.     These  are: 

1.  The  effect  of  temperature  on  the  precipitation  with  an  acid. — When 
the  partially  purified,  iodin -containing  constituents  are  precipitated  by 
an  acid,  the  precipitate  is  flocculent  and  amorphous.  If  this  is  heated 
to  40  or  50  C,  it  assumes  a  fine,  granular  form  which  can  be  filtered  and 
washed  very  readily.  This  procedure  was  followed  because  of  the  facil- 
ity of  handling  the  precipitate.  Warming  of  the  acid  solution  does  not 
break  off  any  iodin  in  inorganic  form.  If,  however,  this  precipitate, 
which  was  prepared  by  warming  the  solution  after  the  addition  of  the 
acid,  is  dissolved  in  alkali  and  heated  with  barium  hydroxid,  and  the 
solution  is  again  acidified,  some  iodin  in  the  inorganic  form  may  be  found 
in  the  solution.     If  the  precipitation  by  an  acid  is  carried  out  in  the  cold. 
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subsequent  heating  with  barium  hydroxid  and  reprecipitation  does  not 
break  iodin  oft  in  the  inorganic  form. 

As  only  one  stage  of  this  treatment  could  be  carried  out  in  one  day, 
twenty-four  hours  intervened  between  the  first  acidification  and  warm- 
ing of  the  solution  and  the  second  precipitation,  after  which  iodin  was 
demonstrated  in  the  inorganic  form  in  the  filtrate.  This  time  interval 
formed  a  convenient  screen  behind  which  the  deleterious  action  of  heat 
remained  hidden  for  many  months.  This  influence  of  temperature  on 
acidification  was  one  of  the  most  important  causes  for  the  failure  to 
separate  more  crystals.  Fearing  that  a  concentrated  sodium  hydroxid 
solution  would  destroy  the  iodin  compound,  we  had  been  neutralizing 
the  alkali  which  was  used  to  effect  the  primary  hydrolysis  with  sulphuric 
acid  before  evaporating  off  the  alcohol.  As  the  amount  of  free  alkali 
remaining  in  the  alcohol  was  variable,  depending  on  the  amount  of  am- 
monia which  had  been  evolved  and  the  amount  of  water  and  carbonate 
in  the  alkali,  it  frequently  happened  that  a  slight  excess  of  acid  was 
added,  so  that  the  alcohol  was  evaporated  off  in  the  presence  of  a  small 
amount  of  acid.  This,  we  finally  showed,  has  a  very  destructive  action 
on  partially  purified  thyroxin.  In  this  connection  it  seems  probable 
that  the  lack  of  physiologic  activity  of  iodothyrin  is  explained  by  this 
action  of  acid  on  the  iodin-containing  compound.  The  iodin  may  not 
be  broken  off  by  treatment  with  acid,  but  the  chemical  properties,  and 
undoubtedly  the  structural  formuU  of  the  nucleus  to  which  the  iodin  is 
attached,  are  so  altered  that  the  compound  loses  its  physiologic  activity. 
This  action  is  discussed  on  page  S34. 

2.  The  e_ffect  of  heating  the  alkaline  hydrolysis  solution  in  the  presence 
of  jnetal. — At  first  the  hydrolysis  was  carried  out  in  glass  flasks.  When 
an  11-gallon  galvanized-iron  tank  was  substituted,  the  hydrolysis  was 
carried  out  apparently  just  the  same,  but  it  was  found  that  with  the 
metal  the  hydrolysis  in  an  alkaline  solution  resulted  in  the  breaking  off 
of  the  iodin  in  the  inorganic  form.  Investigation  showed  that  in  alka- 
line solution,  iron,  zinc,  copper,  tin,  lead,  German  silver,  and,  in  fact,  all 
metals  except  nickel  and  the  heavy  metals,  gold,  silver,  and  platinum, 
break  iodin  off  from  its  organic  combination.  A  heavily  enameled  cast- 
iron  kettle  was  found  to  give  a  satisfactory  surface  for  a  container  in 
which  to  carry  out  the  primary  hydrolysis  with  sodium  hydroxid  in 
alcohol.     Later  this  was  replaced  by  a  nickel  kettle. 

3.  The  effect  of  carbon  dioxid. — During  the  first  separation  of  crystals 
carbon  dioxid  was  neither  employed  directly  nor  was  its  effect  excluded 
from  the  various  steps  in  the  process.     After  many  months  of  failure  to 
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separate  more  of  the  iodin  compound  in  crystalline  form  it  was  found  that 
carbon  dioxid  plays  an  important  rdle  in  the  separation  of  thyroxin  from 
the  impurities.  By  chance  an  alkaline  solution  containing  a  partially 
purified  preparation  of  thyroxin  mixed  with  a  large  amount  of  impuri- 
ties was  precipitated  with  carbon  dioxid  instead  of  sulphuric  acid.  The 
precipitate  was  filtered  on  a  Buchner  funnel  and  washed  with  dbtilled 
water.  Instead  of  the  distilled  water  running  through  lighter  colored 
than  the  first  filtrate,  it  was  almost  black.  Investigation  showed  that 
the  black  impurities  were  insoluble  in  water  saturated  with  carbon  dioxid, 
but  that  they  were  soluble  in  distilled  water.  Further  investigation 
showed  that  there  was  some  unexplained  action  of  carbon  dioxid  on 
thyroxin  when  certain  impurities  were  present  which  permitted  its  being 
separated  in  the  crystalline  form.  Even  after  this  reaction  was  dis- 
covered its  explanation  was,  for  many  months,  obscure.  It  will  be  dis- 
cussed hereinafter  under  the  properties  of  thyroxin  (p.  328). 

4.  The  e^esA  of  temperature  during  the  treatment  of  a  solution  with  car- 
bon diarid. — After  it  was  found  that  carbon  dioxid  had  a  very  important 
action  which  allowed  thyroxin  to  be  isolated  in  crystalline  form,  carbon 
dioxid  was  added  to  the  various  solutions,  first  in  the  cold,  and  then  it 
was  added  to  the  solutions  warmed  to  various  temperatures  up  to  100  C. 
It  was  found  that  with  the  preparations  which  were  contaminated  with  a 
large  amount  of  impurities,  the  passing  of  carbon  dioxid  into  a  solution 
above  SO"  to  60°  C.  resulted  in  breaking  off  iodin.  This  was  confirmed 
many  times,  and,  while  for  a  long  time  unexplained,  I  found  that  it  was  a 
condition  which  had  to  be  controlled  so  that  when  the  solutions  were 
treated  with  carbon  dioxid  it  was  always  done  in  the  presence  of  an  iced 
solution. 

5.  The  eJFect  of  dijfferent  samples  of  desiccaied  thyrotd.^-The  fifth 
point  is  one  beyond  control,  and  was  found  to  rest  on  the  condition  of 
the  desiccated  thyroid  employed.  Rarely  do  two  samples  of  desiccated 
thyroid  respond  the  same  to  the  alkaline  alcoholic  hydrolysis.  It  ap- 
pears prohable  that  bacterial  or  other  decomposition  so  alters  the  pro- 
teins in  some  samples  that  it  is  impossible  to  separate  any  of  the  iodin 
compound. 

These  five  factors  finally  became  apparent  after  a  consideration  of 
all  the  results  obtained  over  a  course  of  two  years'  investigation.  The 
most  important  cause  for  the  confusing  conditions  found  during  the 
separation  is  the  fact  that  the  progressive  purification  of  the  iodin  com- 
pound changes  its  properties.  The  chemical  properties  of  thyroxin  are 
completely  masked  during  the  early  stages  of  purification  by  the  impuri- 
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ties  which  are  present.  Barium  so  affects  the  impurities  that  their  solu- 
bilities in  acid  and  alkali  are  altered  sufficiently  to  allow  of  a  separation 
of  the  iodin  compound.  Barium  apparently  does  three  things:  It  pro- 
duces some  degree  of  hydrolysis  and  destruction  of  some  of  the  impuri- 
ties; it  forms  a  precipitate  with  some  of  the  impurities  which  is  insoluble 
in  sodium  hydroxid,  and  it  also  carries  down  mechanically  certain  of  the 
colloidal  impurities  when  it  is  precipitated  by  sodium  sulphate.  Very 
little  of  the  iodin-containing  compounds  are  carried  down  mechanically 
with  barium  sulphate.  The  solubility  of  thyroxin  with  barium  was  for 
a  long  time  very  confusing,  but  it  was  finally  found  to  be  as  follows:  If 
barium  hydroxid  is  added  to  a  solution  of  pure  thyroxin  dissolved  in 
sodium  hydroxid.  an  insoluble  barium  salt  is  formed  which  is  very  in- 
soluble in  sodium  hydroxid.  If  barium  hydroxid  is  added  to  a  suspen- 
sion of  thyroxin  which  had  been  precipitated  from  an  alkaline  solution 
by  an  acid,  then  barium  hydroxid  does  not  form  a  barium-insoluble  salt, 
and  although  the  solution  is  alkaline,  thyroxin  is  neither  dissolved  nor 
made  insoluble.  The  mixture  may  be  boiled  and  filtered,  and  if  the  rest- 
due  is  then  treated  with  a  solution  of  dilute  sodium  hydroxid,  thyroxin  is 
dissolved. 

Some  of  the  chemical  properties  changing  with  progressive  purifica- 
tion are  as  follows:  Carbon  dioxid  and  hydrochloric  acid  both  will  break 
off  iodin  from  a  partially  purified  preparation,  but  after  thyroxin  has 
been  separated  in  pure  form,  they  have  no  such  action.  The  solubility 
of  thyroxin  in  barium  hydroxid  is  paradoxical  at  different  stages  of  the 
purification.  Partially  purified  thyroxin  is  soluble  in  sodium  carbonate 
and  in  alcohol.  Pure  thyroxin  is  insoluble  in  both.  These  paradoxical 
aspects  can  now  be  explained  by  the  effect  of  the  impurities  reacting 
with  thyroxin.  The  impurities  attack  certain  groups  of  thyroxin  which 
will  be  discussed  on  page  327.  It  is  remarkable  that  all  these  factors 
were  unconsciously  controlled  during  the  first  purification,  especially  as 
it  took  many  months  to  find  out  that  there  were  so  many  separate  and 
distinct  influences  at  work  causing  the  destruction  of  the  compound. 

After  many  months  of  trial  these  five  factors  were  all  controlled,  and 
a  method  based  on  our  knowledge  of  the  physical  and  chemical  reactions 
of  thyroxin  was  evolved  which  can  now  be  employed  for  the  separation 
of  the  substance.  By  this  method  about  18  gm.  of  the  compound  have 
been  separated  from  somewhat  more  than  two  tons  of  fresh  thyroid  ma- 
terial which  has  been  made  up  almost  entirely  of  hog  thyroid. 

The  yield  of  18  gm.  from  more  than  two  tons  of  material  is  obviously  a 
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very  small  percentage  of  the  theoretic.  Now  with  all  our  knowledge 
of  the  chemical  properties  of  the  compound  and  the  impurities  we  are 
able  to  secure  a  yield  of  25  to  SO  per  cent  of  the  theoretic.  Only  about 
30  per  cent  of  the  total  iodic  in  the  gland  is  in  the  acid-insoluble  constitu- 
ents of  the  hydrolysis,  and  of  this  not  more  than  25  to  50  per  cent  is  in 
a  form  which  can  be  separated  as  pure  crystals. 

Concerning  the  50  per  cent  of  the  total  iodin  in  the  thyroid  which  is 
soluble  in  acids  after  hydrolysis,  it  appears  probable  that  this  iodin  is 
present  in  compounds  which  represent  various  stages  in  the  elaboration 
of  the  completed  product  from  iodin  taken  in  with  the  food.  Only  com- 
plete elaboration  of  thyroxin  renders  it  insoluble  in  acid,  and  only  com- 
plete elaboration  endows  it  with  its  speci6c  physiologic  activity. 

Phtsical  and  Chemical  Properties  of  Thtroxin 
The  physical  and  chemical  properties  of  pure  thyroxin  in  crystalline 
form  are  as  follows;  The  melting-point  of  thyroxin  is  240  C.  when  the 
temperature  is  increased  10°  per  minute.  The  compound  is  colorless, 
odorless,  and  tasteless.  It  is  soluble  in  sodium,  potassium,  and  strong 
ammonium  hydroxid,  but  in  the  dry  crystalline  form  it  is  not  soluble  in 
sodium,  potassium,  or  ammonium  carbonate.  It  is  precipitated  from  its 
alkaline  solution  by  all  acids  stronger  than  and  including  carbonic  acid. 
It  is  insoluble  in  all  ordinary  organic  solvents.  Slight  solubility  has  been 
found  with  diethyl  succinate,  but  it  is  very  insoluble  in  alcohol,  ether, 
petroleum  ether,  benzol,  acetone,  chloroform,  carbon  tetrachlorid,  car- 
bon disulphid,  and  glacial  acetic  acid.  It  is  exceedingly  insoluble  in 
water.  It  is  slightly  soluble  in  strong  hydrochloric  acid.  Its  solubility 
in  dilute  hydrochloric  acid  is  one  part  in  200,000.  When  precipitated 
by  mineral  acid,  it  forms  a  flocculent,  amorphous,  voluminous  precipi- 
tate. If  the  acid  solution  containing  the  precipitate  is  heated,  this  may 
produce  no  effect.  However,  if  sufficient  acid  is  present,  a  change  takes 
place,  the  precipitate  becomes  finely  granular,  crystalline  in  nature,  and 
settles  very  rapidly  to  the  bottom  of  the  container. 

A  very  remarkable  property  of  the  compound  is  its  behavior  in  sodium 
hydroxid.  It  is  practically  indestructible  in  sodium  hydroxid  provided 
the  temperature  is  not  raised  to  too  high  a  point.  It  is  soluble  in  dilute 
sodium  hydroxid.  As  the  percentage  is  increased  it  becomes  less  and 
less  soluble,  and  at  between  15  and  20  per  cent  of  sodium  hydroxid  the 
compound  separates  as  a  disodium  salt.  Further  addition  of  hydroxid 
merely  completes  this  precipitation  so  that  the  compound  can  be  heated 
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to  100  C.  in  as  h'gh  as  50  per  cent  sodium  hydroxid  without  altera- 
tion, and  it  may  be  recovered  simply  by  acidifying  the  solution. 

The  compound  is  soluble  in  alcohol  containing  hydrochloric  acid, 
but  it  is  insoluble  in  alcohol  containing  acetic  acid.  A  very  convenient 
method  for  its  crystallization  b  to  dissolve  it  either  in  alcohol  contain- 
ing hydrochloric  acid  to  which  sodium  acetate  is  added,  or  in  alcohol 
containing  sodium  hydroxid,  and  then  add  acetic  acid  to  this.  It  may 
also  he  precipitated  by  boiling  its  ammoniacal  aqueous  or  alcohol  solu- 
tion. 

The  compound  crystallizes  in  several  forms,  depending  on  the  solu- 
tion from  which  it  is  crystallized.  When  crystallised  out  of  alcohol  by 
adding  acetic  acid  to  its  sodium  salt,  the  crystals  are  generally  curved 
and  in  rosette  form.  The  length  of  the  needles  varies  with  the  tempera- 
ture. When  precipitated  from  a  hot  solution,  they  are  longer  than  when 
precipitated  in  the  cold.  When  precipitated  by  boiling  the  ammoniacal 
aqueous  solution,  the  crystals  are  long,  slightly  curved  blades,  generally 
in  sheaf  form.  When  precipitated  by  carbon  dioxid  out  of  water  solu- 
tion, an  amorphous  precipitate  results  unless  the  solution  is  warmed. 
If  carbon  dioxid  is  passed  through  a  warmed  alkaline  solution,  crystals 
of  needle  form  result. 

When  acetic  aeid  is  added  to  the  sodium  salt  of  thyroxin  in  alcohol, 
it  separates  in  crystalline  form.  When  hydrochloric  or  sulphuric  acid  is 
added  to  the  sodium  salt  of  thyroxin  dissolved  in  alcohol,  no  crystalliza- 
tion occurs.  Thyroxin  therefore  forms  an  alcohol-soluble  salt  with 
mineral  acids  but  not  with  acetic  acid.  The  question  suggested  itself 
whether  the  salt  would  retain  the  acid  radical  after  precipitation  from 
water  solution  and  drying.  In  order  to  determine  this  the  compound 
was  precipitated  by  a  slight  excess  of  sulphuric  acid  added  to  the  aque- 
ous alkaline  solution  of  the  compound.  The  acid  solution  was  heated 
until  the  character  of  the  precipitate  changed  from  its  amorphous  form 
to  its  heavy  crystalline  condition.  Analysis  of  these  crystals  showed 
that  they  contained  60  per  cent  of  iodin.  Analysis  of  the  crystals  pre- 
cipitated from  alcohol  by  acetic  acid  showed  that  they  contained  65  per 
cent  of  iodin.  This  difference  in  the  percentage  of  iodin  was  shown  to 
be  due  to  the  formation  of  a  salt  with  sulphuric  acid.  When  the  com- 
pound is  crystallized  out  of  water  by  boiling  its  ammoniacal  salt,  it 
separates  in  the  free-base  form  and  contains  65  per  cent  of  iodin.  When 
it  is  precipitated  by  hydrochloric  acid,  it  crystallizes  in  two  forms:  one 
apparently  is  the  hydrochlorid  which  separates  in  flat  plates,  the  other 
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is  the  typical  free-base  form.  The  sulphate  appears  to  be  very  stable 
and  b  not  hydrolyzed  by  boiling  in  water  in  the  presence  of  sulphuric 
acid.     The  hydrochlorid,  however,  is  more  easily  hydrolyzed  by  water. 

B±euH£  OF  Properties  op  Thyroxin  Deteruined  Prior  to  its  Ulti- 
mate Analysis 

1.  The  comimund  can  be  crystallized  in  two  forms,  one  the  free-base, 
and  the  other  the  salt  form. 

2.  The  percentage  of  iodin  in  the  free-base  crystab  is  65. 

3.  The  percentage  of  iodin  in  the  sulphate  ciystals  is  60. 

4.  From  the  percentage  of  iodin  in  the  sulphuric  salt  and  in  the  free- 
base  the  molecular  weight  of  the  compound  is  calculated  to  be  585. 

5.  The  compound  in  its  purest  form  gives  a  qualitative  test  for  nitro- 
gen. 

6.  After  the  alkaline  fusion  it  gives  the  pine-splinter  reaction,  sug- 
gesting the  presence  of  the  indol  nucleus. 

7.  Its  solubility  in  alkalies  and  its  acidic  nature  suggests  the  presence 
of  the  carboxyl  group. 

8.  Its  power  of  forming  salts  suggests  an  amino  or  iraino  group. 
The  compound  gave  the  following  results  for  the  determination  of 

carbon,  hydrogen  and  nitrogen,  and  iodin  (Table  1).  From  these  results 
the  empirical  formula  was  determined  to  be  Cn,  Hio,  Oj,  N,  It-  Prom  a 
study  of  the  derivatives  of  thyroxin  we  have  shown  it  to  be  tri-hydro- 
tri-iodo-alpha-oxy-indol  propionic  acid. 

TABLE  1.— ANALYSIS 


C,i- 

H„  0,  N  I, 

C         *3.3« 

C 

84.37 

R            1.74 

H 

1.72 

O          7.«l 

O 

8.80 

N         «,» 

N 

a.39 

1           85.00 

1 

65.10 

Molecular  weight  tound.  S8S 

Molecular  weight  calcuUted.  SM.8 

Fi(.  114.— Stnidanl  lomnU  for  thrniiB  ii  Fir.  IIT.—Structunl  lormiilk  l«  thyiwciB  Id 

■lUiiw  •olulion.  Hlution. 
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The  Carbozyl  Group. — Evidence  for  the  carboxyl  group  in  thy- 
roxin is  ts  acidic  nature,  its  soluble  alkaline  salts  and  insoluble  metal 
salts.  The  barium,  copper,  zinc,  and  silver  salts  of  thyroxin  have  been 
made  and  studied  microscopically.  These  compounds  are  all  beauti- 
fully crystalline  and  insoluble  in  water.  The  barium  salt  is  made  by 
adding  barium  cblorid  to  a  solution  of  the  sodium  salt  of  thyroxin.  The 
others  are  formed  by  dissolving  thyroxin  in  sodium  hydroxid,  adding 
ammonia,  dissolving  the  copper,  silver,  or  zinc  salt  in  ammonium  hy- 
droxid, and  adding  the  ammoniacal  solution  of  the  metal  to  the  alkaline 
solution  of  thyroxin.  At  first  an  amorphous  precipitate  forms.  This 
appears  to  redissolve  in  excess  of  the  ammoniacal  solution  of  the  metal, 
and  then  to  separate  in  beautiful  microscopic  crystals.  Analysis  of  the 
silver  salt  for  iodin  and  silver  shows  that  not  one  but  two  atoms  of  silver 
have  been  added  to  the  compound.  One  atom  of  silver  without  doubt 
was  added  to  the  carboxyl.  The  position  of  the  second  atom  is  dis- 
cussed below. 

The  acidic  property  of  thyroxin  and  the  addition  of  two  atoms  of  sil- 
ver to  the  molecule  are  not  conclusive  proof  of  a  carboxyl  and  hydroxyl 
group,  as  the  same  action  could  occur  with  two  hydroxyl  groups.  The 
fact  that  there  is  a  carboxyl  is  furnished  by  the  dimethyl  ester.  Methyl 
iodid  added  to  the  di-silver  salt  of  thyroxin  forms  the  dimethyl  ester. 
This  is  insoluble  in  sodium  hydroxid.  Heating  with  dilute  alkali  renders 
the  compound  soluble,  but  still  one  methyl  group  is  attached  and  it  will 
withstand  severe  alkaline  treatment.  The  difference  in  the  ease  with 
which  one  methyl  group  saponifies  is  evidence  that  the  two  methyl 
groups  are  attached  differently.  Presumably  one  is  attached  to  a  car- 
boxyl group,  the  other  to  a  hydroxyl  group. 

The  Imino  Group. — The  best  evidence  for  the  imino  group  is  its 
formation  of  the  ureid  with  cyanic  acid.  Thyroxin  reacts  with  potas- 
sium cyanate  in  glacial  acetic  acid  very  readily,  and  forms  a  compound 
soluble  in  glacial  acetic  acid.  Analysis  of  this  compound  agrees  with 
that  calculated  for  the  ureid. 

Evidence  for  the  Existence  of  the  Two  Tautomeric  Possibtlities.— 
Tautomerism  in  the  indol  family  is  of  common  occurrence.  In  thyroxin 
there  are  two  tautomeric  possibilities^ — one  the  alpha-carbonyl  group 
and  the  other  the  alpha-hydroxy  group,  with  no  hydrogen  attached  to 
the  imino.     When  thyroxin  is  added  to  pyridene,  to  which  semicar- 
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bazid  hydrochlorid  is  added,  semicarbazid  does  not  react  with  the 
carbonyl  group  of  thyroxin.  Apparently  the  slight  alkalinity  of  pyri- 
dene  is  sufficient  to  produce  the  eno!  form  with  which  semicarbazid  can- 
not react.  When,  however,  the  hydrogen  on  the  imino  group  is  substi- 
tuted so  that  it  cannot  migrate  and  produce  the  enol  form,  the  carbonyl 
group  should  form  a  semicarbazone.  To  show  this,  the  hydrogen  of  the 
imino  group  was  replaced  with  acetyl,  the  acetyl  derivative  was  dis- 
solved ID  pyridene,  to  which  was  added  semicarbazid  hydrochlorid, 
and  under  these  conditions  the  compound  very  readily  reacted  to  form  a 
semicarbazone. 

Evidence  for  the  existence  of  the  keto  form  with  the  hydrogen  on  the 
imino  is  furnished  by  the  formation  of  the  ureid  with  cyanic  acid,  and  by 
the  formation  of  the  acetyl  and  formyl  with  acetic  anhydrid  and  formic 
acid  chlorid.  A  carbonic  acid  derivative  may  also  be  made  by  reacting 
with  phosgene  and  with  ethyl -formic-acid  chlorid. 

Another  proof  that  the  hydrogen  exists  attached  to  the  imino  group 
is  furnished  by  the  di-silver  salt.  Thyroxin  forms  a  very  characteristic 
silver  salt  with  an  ammoniacal  silver  solution,  and  analysis  shows  that 
two  atoms  of  silver  have  been  added.  When,  however,  the  hydrogen  of 
the  imino  group  is  taken  up  by  a  derivative',  it  cannot  be  replaced,  and 
theoretically  the  second  silver  atom  cannot  be  added.  It  is  interesting 
to  6nd  that  no  crystalline  silver  salt  does  form  with  the  ureid,  the  acetyl, 
the  formyl,  or  carbonic  acid  derivative  made  from  phosgene.  That 
thyroxin  also  forms  a  disodium  salt  is  shown  from  the  behavior  of  the 
derivatives  in  which  the  hydrogen  of  the  imino  has  been  replaced.  The 
sodium  salts  of  these  derivatives  are  very  sparingly  soluble  in  sodium 
hydroxid.  They  are  soluble  in  dilute  sodium  hydroxid,  but  if  this  is 
increased  appreciably,  the  sodium  salts  separate  in  fine  short  crystals. 
This  is  true  of  the  acetyl,  the  formyl,  and  the  carbonic  acid  derivatives. 

When  it  is  possible  for  the  enol  form  to  exist,  there  is  no  doubt  that 
the  sodium  adds  to  the  hydroxy  and  not  to  the  imino  group. 

Another  reaction  common  to  the  derivatives  attached  to  the  imino 
group  is  their  solubility  in  alcohol.  Thyroxin  is  insoluble  in  ethyl  al- 
cohol, but  the  ureid,  the  acetyl,  and  all  other  derivatives  produced  by 
replacing  the  hydrogen  of  the  imino  are  more  soluble  in  alcohol. 

The  Evidence  That  the  Carbonyl  Group  is  on  the  Alpha  Carbon  to 
the  Inuno. — From  a  consideration  of  the  structural  formula  of  the  com- 
pound, the  carbonyl  group  could  be  on  the  side-chain  in  either  the  first 
or  second  carbon  atom.     If  it  were  so  placed,  then  reactions  involving 
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the  carbonyl  group  should  not  be  affected  materially  by  the  imtno  group, 
since  they  would  be  separated  by  as  many  as  three  or  four  carbou  atoms. 
It  has  been  found,  however,  that  the  reactions  with  the  carbonyl  de- 
pend on  the  reactivity  of  the  imino  group.  Until  the  hydrogen  of  the 
imino  group  has  been  replaced,  no  condensation  with  an  amino  group 
can  take  place. 

The  semicarbazone  will  not  form  when  thyroxin  is  treated  with 
semicarbazid  in  pyridene.  The  acetyl  derivative  of  thyroxin  readily 
reacts  in  pyridene  with  semicarbazid.  It  does  not  seem  probable  that 
the  close  relationship  shown  by  these  reactions  could  exist  between  the 
imino  and  the  carbonyl  groups  if  the  carbonyl  group  were  in  any  position 
other  than  on  the  alpha  carbon. 

Condensatioii  Between  die  Carbonyl  Groiqt  of  Thyroxin  and  an 
Amino  Group. — Beside  the  reaction  between  the  carbonyl  group  and 
semicarbazid,  it  was  of  great  interest  and  significance  to  effect  the 
condensation  between  the  amino  group  of  glycin  and  the  carbonyl  group. 
This  condensation  will  not  take  place  when  thyroxin  and  glycin  are 
boiled  together  in  pyridene,  in  glacial  acetic  acid,  in  ethyl  or  amyl  alco- 
hol. But  if  the  acetyl  derivative  of  thyroxin  is  dissolved  in  pyridene,  it 
will  react  with  great  ease  with  the  amino  group  of  ethyl  glycin  hydro- 
chlorid. 

Of  still  greater  interest  is  the  reaction  between  the  carbonyl  group  and 
the  amino  group  of  glycin  when  the  carboxyl  group  of  glycin  is  attached 
to  the  imino  group  of  thyroxin.  This  is  accomplished  by  treating  thy- 
roxin in  glacial  acetic  acid  with  the  acid  chlorid  of  glycin  hydrochlorid. 
The  carboxyl  group  is  thereby  attached  to  the  imino.  When  this  is  dis- 
solved in  pyridene,  then  the  amino  group  of  glycin  readily  reacts  with 
the  carbonyl  group  of  thyroxin,  the  result  being  a  ring  compound  of  five 
members,  between  glycin,  the  imino  group,  and  the  alpha-carbonyl 
group. 

The  reaction  between  the  amino  group  of  glycin  and  the  carbonyl 
group  of  thyroxin  I  regard  as  very  significant  in  connection  with  the 
physiologic  activity  of  thyroxin.  It  seems  highly  probable  that  this 
condensation  is  not  specific  for  glycin,  but  will  occur  with  any  alpha- 
amino  acid.  This  reaction,  then,  gives  a  definite  chemical  conception  of 
the  action  of  thyroxin,  and  as  clinical  and  experimental  results  confirm 
this,  it  has  seemed  best  to  name  the  substance,  bearing  in  mind  the  im- 
portance of  the  respective  groups  present.  The  name  "thyroxin"  was 
decided  on  from  the  evident  desirability  of  empbastziog  the  pcesence  of 
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the  reactive  carbonyl  group.  The  name  "thyr-oxy-indol"  eombines  in 
a,  satisfactory  manner  the  source  of  the  hormone,  the  presence  of  oxygen 
and  the  mother  suhstance,  indol.  "Thyr-oxy-indol"  appears  too  bulky 
a  word  to  stand  every-day  usage,  and  therefore  has  been  abbreviated  to 
"thyroxin,"  which  we  here  suggest  as  the  name  of  the  thyroid  hormone. 
Any  refereaee  to  the  presence  of  iodin  in  the  hormone  is  purposely 
omitted  from  the  name  of  the  substance,  because  the  work  we  have  done 
concerning  the  physiologic  action  removes  the  attention  from  the  iodin. 
Its  function  in  the  molecule  appears  merely  to  place  it  in  its  unique  por- 
tion in  regard  to  acidity  and  basicity.  The  indol  nucleus  has  feeble 
alkaline  properties.  Iodin  added  to  the  benzol  ring  produces  more 
acidic  properties.  The  hydro  groups  still  further  modify  the  reaction 
of  the  substance,  so  that  the  net  result  of  the  influence  of  the  alpha-car- 
bonyt,  the  iodin,  and  the  hydro  groups  places  the  compound  in  a  unique 
position  in  regard  to  acid  and  basic  properties.  It  is  so  delicately  bal- 
anced that  the  change  in  hydrogen-ion  concentration  between  carbonic 
acid  and  pyridene  is  sufficient  to  affect  the  compound,  producing  one 
tautomeric  form  or  the  other.  Since  the  compound  always  exists  in 
equilibrium  with  its  surrounding  medium,  the  labile  hydrogen  must 
migrate  from  the  imino  to  the  carbonyl,  changing  it  to  hydroxy  or  the 
reverse  with  very  slight  changes  of  hydrogen-ion  concentration.  The 
function  of  the  iodin  in  thyroxin  is  to  increase  the  reactivity  and  sensi- 
tiveness of  the  functioning  groups  present,  namely,  the  carbonyl  and 
imino.    Any  other  function  of  the  iodin  is  highly  problematic. 

The  fact  that  the  compound  exerts  its  influence  within  the  animal 
organism  for  days  after  a  single  injection  proves  that  it  is  not  destroyed 
in  carrying  out  its  physiologic  action  and  suggests  that  it  acts  as  a 
catalyst. 

A  Consideration  op  the  Reactions  Involved  in  the  Isolation  of 
Thyroxin 

Thyroxin  was  first  separated  by  following  a  method  of  treatment 
which  was  found  to  progressively  increase  its  iodin  content,  and  for  the 
isolation  of  much  of  the  material  so  far  prepared  this  same  method  was 
followed  without  any  light  being  thrown  on  the  exact  nature  of  the  chem- 
ical reactions  involved.  The  determination  of  its  empirical  and  struc- 
tural formulae  now  permits  us  to  go  back  and  explain  these  reactions. 

The  chain  of  events  which  led  to  the  explanation  of  the  reactions 
involved  in  the  separation  of  thyroxin  from  the  other  compounds  con- 
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tained  in  the  acid-insoluble  products  of  the  alkaline  hydrolysis  was  as 
follows: 

First,  it  was  found  that  derivatives  attached  to  the  imino  group 
render  thyroxin  soluble  in  alcohol.  This  was  found  true  of  the  acetyl, 
the  formyl,  the  ureid,  the  sulphate,  and  the  hydrochlorid.  In  the  second 
place  it  was  found  that  derivatives  attached  to  the  imino  group  do  not 
form  crystalline  di-a!lver  salts. 

When  thyroxin  is  partially  purified,  so  that  it  contains  from  30  to  50 
per  cent  of  iodin,  it  is  soluble  in  alcohol.  It  does  not  form  a  crystalline 
silver  salt.  Pure  thyroxin  forms  an  insoluble  barium  salt.  Partially 
purified  thyroxin  forms  a  soluble  barium  salt.  These  reactions  suggested 
that  the  difficulty  in  purification  arose  from  the  fact  that  some  deriva- 
tive was  attached  to  the  imino  group.  This  rendered  the  compound 
soluble  in  alcohol  and,  at  the  same  time,  by  interfering  with  the  forma- 
tion of  the  typical  barium  salt,  it  prevented  its  precipitation  with  barium. 
Since  it  had  already  been  shown  that  the  sodium  salt  of  the  acetyl,  the 
formyl,  and  other  derivatives  on  the  imino  were  readily  thrown  out  of 
solution  by  increasing  the  amount  of  sodium  hydroxid  present,  attempts 
were  made  to  determine  the  group  attached  to  the  imino  in  the  partially 
purified  thyroxin  by  precipitating  its  sodium  salt  with  a  high  concen- 
tration of  sodium  hydroxid.  Partially  purified  thyroxin,  containing 
about  40  per  cent  of  iodin,  was  therefore  dissolved  in  sodium  hydroxid, 
and  a  solution  of  30  per  cent  sodium  hydroxid  was  added  to  this.  As 
had  been  hoped,  the  addition  of  the  stronger  alkali  soon  produced  a 
cloudy  precipitate  which  did  not  settle  but  remained  suspended,  due 
to  the  high  specific  gravity  of  the  solution.  This  was  centrifugal ized, 
the  supernatant  liquid  contained  most  of  the  yellow  impurities,  and  the 
precipitate  remained  in  a  firm  felt  in  the  bottom  of  the  tube.  It  was 
dissolved  in  distilled  water,  sodium  hydroxid  was  again  added,  the  pre- 
cipitate again  formed,  but  this  time  the  precipitate  separated  in  more 
distinct  particles  and  the  solution  was  less  turbid.  It  was  centrifugal- 
ized,  the  supernatant  liquid  was  still  yellow,  but  showed  much  less  color 
than  the  first  solution.  The  residue  in  the  bottom  of  the  tube  was 
again  dissolved  in  distilled  water,  sodium  hydroxid  was  again  added,  and 
this  time  the  precipitate  assumed  a  still  different  form,  coming  down  in 
distinct  separate  particles,  practically  white,  and  the  solution  was  almost 
colorless.  These  were  examined  under  the  microscope.  They  were  the 
typical  disodium  salt  of  pure  thyroxin  itself,  and  not  of  a  derivative. 
They  were  centrifugalized  from  the  alkali,  dissolved  in  alcohol,  and  pre- 
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cipitated  by  the  addition  of  acetic  acid,  when  they  were  recovered  as 
pure  crystalline  thyroxin. 

The  substitution  of  sodium  chlorid  for  sodium  hydroxid  permitted 
the  solutions  to  be  filtered  instead  of  centrifugalized,  and  it  was  then 
found  that  sodium  chlorid  precipitated  the  disodium  salt  of  thyroxin 
from  an  alknline  solution  even  better  than  did  sodium  hydroxid.  This 
purification  of  thyroxin  merely  by  the  salting  out  of  its  disodium  salt 
from  the  impurities  threw  a  great  deal  of  light  on  the  chemical  proper- 
ties of  thyroxin,  and  the  nature  of  the  impurities  present.  It  explained 
why  such  variable  results  have  been  secured  in  the  past,  and  why  it  was 
impossible  to  duplicate  the  first  separation. 

Investigation  of  the  impurities  which  were  separated  from  thyroxin 
by  salting  out  the  crystals  from  the  alkaline  solution  showed  that  they 
are  soluble  in  ether,  that  they  are  acidic  in  nature,  and  contain  indol 
derivatives  which  give  the  pine-splinter  reaction  after  fusion  in  caustic 
alkali.  If  pure  crystalline  thyroxin  is  dissolved  in  sodium  hydroxid  and 
some  of  these  indol  derivatives  are  added  to  the  solution,  there  appears 
to  be  an  immediate  reaction,  even  in  the  alkaline,  between  thyroxin  and 
these  impurities  which  completely  alters  the  chemical  properties  of 
thyroxin.  The  presence  of  these  impurities  renders  thyroxin  soluble  in 
alcohol,  and  instead  of  separating  with  sodium  chlorid  as  the  crystalline 
disodium  salt,  it  is  thrown  out  of  solution  as  an  oily  tar.  This  action  we 
explain  by  the  great  reactivity  of  the  imino  group  and  the  carboxyl  group 
contained  in  these  indol  derivatives.  That  it  is  a  very  loose  combination 
is  shown  by  the  fact  that  this  oily  tar,  if  dissolved  in  alkali,  and  again 
precipitated,  will  assume  a  slightly  mpre  crystalline  appearance,  and  if 
reprecipitated  several  times,  will  eventually  reappear  as  pure  thyroxin. 
Therefore  thyroxin,  through  its  imino  group,  has  the  ability  to  form  salts 
with  weak  oi^anic  acids.  Although  the  bond  of  linkage  between  thy- 
roxin and  this  as  yet  unknown  indol  derivative  is  very  weak,  it  is  suffi- 
ciently strong  completely  to  prevent  the  separation  of  thyroxin  in  pure 
form. 

The  fact  that  the  imino  group  of  thyroxin  combined  so  readily  with 
the  carboxyl  group  of  some  indol  derivative  rai.ses  the  question  of  the 
reactivity  of  the  imino  group  with  aliphatic  organic  acids.  It  was  found 
to  be  as  follows:  An  alkaline  solution  of  thyroxin,  when  treated  with 
carbonic,  acetic,  or  formic  acid  precipitates  in  free-base  form  without  the 
formation  of  a  salt.  Thyroxin  boiled  in  glacial  acetic  acid  does  not  go 
into  solution,  and  the  acetate  will  not  form  in  this  way.     Thyroxin  will 
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dissolve  when  boiled  in  formic  acid.  However,  when  the  excess  of  formic 
acid  is  boiled  off,  thyroxin  separates,  not  as  the  formate,  but  in  free-base 
form.  Also  when  water  is  added  thyroxin  separates  without  retaining 
formic  acid  in  the  salt  form.  With  lactic  acid  the  action  is  a  little  differ- 
ent. Thyroxin  is  soluble  in  lactic  acid,  with  which  it  forms  some  com- 
pound not  hydrolyzed  by  water. 

The  relative  inactivity  of  the  imino  group  of  thjToxin  witli  the  car- 
boxyl  group  of  acetic  acid  and  formic  acid  is  very  interesting  when  the 
activity  of  the  acetyl,  where  the  acetate  radical  replaces  the  hydrogen 
of  the  imino,  is  considered.  The  imino  group  is  thereby  made  more  re- 
active and  the  acetate  of  the  acetyl  is  readily  formed.  This  is  soluble 
in  glacial  acetic  acid.  On  adding  water  only  a  partial  hydrolysis  of  the 
acetate  occurs. 

The  action  of  carbon  dioxid  during  the  purification  appears  to  par- 
tially separate  thyroxin  from  the  acidic  itidol  impurities.  Thyroxin  is 
precipitated  by  carbon  dioxid  at  a  point  slightly  in  advance  of  the  im- 
purities, so  that  by  alternate  alkaline  treatment  with  barium  hydroxid 
and  carbon  dioxid  precipitation  thyroxin  may  be  gradually  separated. 
Treatment  with  alkali  alone  may  or  may  not  open  the  bond  between  the 
imino  and  the  impurities,  but  whether  it  does  or  not  is  of  little  conse- 
quence if  the  bond  is  immediately  reestablished  on  acidification.  In 
partially  purified  thyroxin  the  hydrogen  of  the  imino  is  not  replaced  by 
any  group,  but  the  mode  of  linkage  is  probably  the  same  as  in  the  hy- 
drochlorid  or  sulphate,  the  acid  simply  adding  to  the  imino  group. 

Mention  has  been  made  of  an  indol  derivative  which  is  easily  at- 
tached to  and  with  difficulty  removed  from  the  imino  group  of  thyroxin. 
This  compound  may  be  purified  to  some  extent  so  that  most  of  the  brown 
color  is  removed,  but  it  is  an  oily,  amorphous  tar  with  which  it  is  ex- 
ceedingly difficult  to  carry  out  any  reactions  toward  its  identification. 
The  imino  group  of  thyroxin  appears  to  react  with  many  other  constitu- 
ents of  the  thyroid  split  products.  Some  of  these  are  heavy,  complex 
black  substances  which  totally  change  the  properties  of  thyroxin.  Some 
of  these  compounds  render  thyroxin  insoluble  in  alcohol  and  insoluble  in 
barium;  others  make  it  soluble  in  alcohol  and  soluble  in  barium. 

It  seems  probable  that  the  compound  attached  to  the  imino  group 
which  makes  the  product  soluble  in  barium  must  contain  a  free  carboxyl 
group.  Partially  purified  thyroxin  not  only  is  soluble  in  barium  hydroxid, 
but  it  is  readily  soluble  in  sodium  carbonate.  It  is  soluble  in  sodium 
carbonate  until  the  imino  group  exists  in  free  form.     It  is  then  insoluble. 
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The  formation  of  the  soluble  barium  salt  and  the  solubility  in  sodium 
carbonate  suggest  that  the  compound  attached  to  the  imino  group  con- 
tains a  free  carboxyl. 

The  derivatives  of  thyroxin  which  have  a  substitution  of  the  hydro- 
gen on  the  imino  group  have  another  peculiarity  which  may  be  related 
to  certain  reactions  observed  in  the  purification.  In  the  presence  of 
sunlight  these  compounds  develop  a  pink  color  and  free  iodin  is  broken 
off,  so  that  the  reaction  appears  to  involve  oxidation.  This  production 
of  a  pink  color  occurs  with  remarkable  ease  with  the  carbonic  acid  de- 
rivative made  from  phosgene.  The  acetyl  derivative  also  readily  de- 
velops a  pink  color;  this  same  pink  color  we  have  observed  many  times 
to  appear  on  some  of  the  partially  purified  preparations  of  thyroxin. 
This  is  another  indication  that  a  derivative  of  some  form  is  attached  to 
the  imino  group  in  partially  purified  thyroxin.  The  production  of  a 
pink  color  also  appears  to  involve  some  change  in  the  carbonyl  group. 
All  derivatives  in  which  the  hydrogen  of  the  imino  is  replaced  and  which 
therefore  have  a  carbonyl  group  which  cannot  change  to  a  hydroxy  are 
much  more  reactive  and  are  easily  altered  by  heating  in  either  strong 
acid  or  alkali.  Although  thyroxin  can  be  heated  in  acid  or  alkali  with- 
out alteration,  derivatives,  replacing  the  hydrogen  of  the  imino  group, 
when  so  treated,  turn  pink,  yellow,  or  blue  and  are  easily  decomposed. 
These  reactions  are  probably  due  to  some  condensation  with  the  car- 
bonyl group. 

In  regard  to  the  effect  of  a  high  temperature  on  the  acidification  of 
an  alkaline  solution  of  partially  purified  thyroxin :  the  impure  thyroxin 
is  so  altered  that  when  it  is  redissolved  in  alkali,  iodin  is  broken  off.  It 
aeems  probable  that  this  action  is  because  thyroxin  exists  in  the  keto 
form  with  the  carbonyl  group  open.  The  effect  of  heat  on  the  compound 
in  this  condition  results  in  oxidation,  with  consequent  splitting  off  of 
iodin.  The  mechanism  by  which  carbon  dioxid  breaks  off  iodin  when 
passed  into  a  warm  alkaline  solution  of  partially  purified  thyroxin  is 
undoubtedly  the  same.  In  the  cold  alkaUne  solution  no  oxidation  and 
therefore  splitting  off  of  iodin  occurs,  but  carbonic  acid  passed  into  the 
warm  solution  alters  the  hydrogen  ion  concentration  so  that  this  oxida- 
tion may  take  place. 

Phtbiologic  Activity  of  Thyroxin 
The  literature  concerning  the  physiologic  activity  of  the  thyroid 
presents  a  most  confusing  mass  of  statistics  and  experimental  results. 
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Thyroid  activity  has  been  tested  in  the  past  by  measuring  the  increase 
in  pulse  rate,  changes  in  blood-pressure  as  shown  by  kymographic  trac- 
ings, changes  in  nervous  irritability,  the  production  of  gastric  responses, 
the  length  of  time  for  fatigue  to  result  in  a  muscle,  the  resistance  of  white 
mice  to  acetonitrile,  the  effect  on  growth,  the  change  in  the  rate  of  meta- 
morphosis of  tadpoles,  the  relief  of  symptoms  of  myxedema  and  cretin- 
ism, the  increase  in  nitrogen  elimination,  change  in  the  total  metabolic 
rate,  and  the  increase  in  the  basa  metabolic  rate.  Simply  the  enumera- 
tion of  the  methods  used  in  physiologic  testing  is  an  eloquent  criterion  of 
our  knowledge  concerning  the  function  of  the  thyroid.  To  determine 
which  of  these  effects  are  due  to  thyroxin  and  which  are  due  to  other 
constituents  of  the  thyroid,  to  relate  the  effects  which  are  due  to  thy- 
roxin to  a  common  cause  and  to  simplify  this  cause  to  a  chemical  re- 
action with  definite  end  products,  is  the  task  at  hand. 

A  discussion  of  the  physiologic  testing  of  thyroid  activity  will  be  de- 
ferred until  later  in  this  article.  The  pharmacologic  action  of  thyroxin 
as  it  is  known  to-day  is  as  follows: 

Upon  injection  of  thyroxin  in  amounts  up  to  3  mg.  per  kilo  into  a 
dog  there  is  no  immediate  apparent  effect.  There  is  no  change  in  blood- 
pressure''  '"■  ";  there  is  no  increase  in  puls^rate;  there  is  no  increase 
in  nervous  irritability.  Nitrogen  output  is  not  altered.  If  but  a  single 
injection  is  given,  there  may  be  no  visible  response  for  a  number 
of  hours,  the  length  of  time  varying  with  the  experimental  animal. 
At  the  end  of  from  twelve  to  thirty-six  hours  there  will  be  an  in- 
crease in  pulse-rate  and  a  slight  increase  in  nervous  irritability,  with  in- 
crease in  nitrogen  and  carbon  dioxid  output.  In  order  to  secure  the 
maximum  response  to  thyroxin,  several  successive  daily  doses  have  to 
be  administered  and  the  maximum  response  in  the  animal  is  found  to 
occur  several  days  after  the  first  injection.  By  increasing  the  amount  of 
thyroxin  gi\'en  and  by  altering  the  condition  of  the  animal  by  excessive 
meat  feeding  or  starvation,  variations  in  this  typical  response  can  be 
produced  which  will  shorten  the  time  of  the  first  visible  response  and  will 
alter  its  course.  One  striking  difference  produced  by  varying  the  dosage 
is  furnished  by  two  goats.  One  goat  received  1 1  daily  injections,  of  9 
mg.  per  day,  at  the  end  of  which  time  it  died.  The  other  goat  received 
150  mg.  at  a  single  injection.  The  cardiographic  tracing  showed  that 
there  was  a  response  which  came  on  within  a  few  hours,  but  this  rapidly 
subsided,  and  within  two  or  three  days  the  goat  showed  no  visible  effects 
of  the  injection.     Severe  headaches,  nausea,  and  diarrhea  are  produced 
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if  Urge  doses  are  given  to  individuals;  a  sense  of  increased  ability  and 
well-being  is  produned  if  small  doses  are  given.  Growth  may  be  stunted 
with  tremendous  overdosing  with  thyroxin.  Cretins  may  be  made  to 
grow  as  much  as  four  inches  in  six  months  under  proper  dosage. 

The  injection  of  thyroxin  is  followed  by  three  fundamental  changes: 
One  is  the  increased  output  of  carbon  dioxid,  out  of  proportion  to  the 
nitrogen  excretion ;  the  second  is  increased  elimination  of  nitrogen;  and 
the  third  is  the  increased  nervous  irritability  and  greatly  increased  pulse- 
rate.  The  relation  between  these  three  phases  of  thyroid  response  has 
not  yet  been  established  and  will  not  be  discussed  in  this  article. 

Administration  of  thyroxin  results  in  a  revolution  to  the  myxedema- 
tous patient  and  the  cretin.'*  Every  cell  in  the  body  responds.  The 
effect  is  not  localized  in  any  organ  or  system  of  organs.  Possibly  our 
most  rigid  test  for  thyroid  activity  is  furnished  by  the  cretin  and  by 
myxedema.  Administration  of  desiccated  thyroid  in  this  condition 
results  in  a  practical  cure  in  100  per  cent  of  cases.  In  testing  any  thy- 
roid split  product  it  must  produce  as  great  an  effect,  or  the  only  conclu- 
sion remaining  is  that  there  is  more  than  one  active  constituent  in  the 
thyroid.  The  effects  of  feeding  desiccated  thyroid  to  cretins  and  myx- 
edematous patients  are  recorded  in  the  literature  for  the  past  twenty -five 
years.  The  results  are  made  certain  from  the  very  large  number  and  the 
striking  nature  of  the  relief  of  symptoms. 

Accepting  this  as  at  least  one  necessary  criterion,  preparations  of 
split  productsof  the  alkaline  alcoholic  hydrolysis  (described  hereinbefore) 
were  given  to  cases  of  cretinism  and  patients  sufferingfrom  myxedema. 
It  was  found  that  the  acid -insoluble  constituents,  even  in  their  most 
impure  form,  were  able  to  relieve  the  conditions  with  the  same  striking 
effects  and  in  as  complete  a  manner  as  desiccated  thyroid  itself .''  This 
finding  was  the  most  encouraging  stimulus  for  the  persistent  and 
continued  investigation  of  the  acid -in  soluble  constituents.  The  alco- 
holic alkaline  hydrolysis  was  as  severe  in  its  chemical  action  as  any  step 
which  would  probably  have  to  be  applied  for  the  separation  of  the  iodin 
compound  from  the  acid-insoluble  constituents.  The  physiologic  activ- 
ity, therefore,  having  withstood  the  initial  hydrolysis,  it  was  reasonable 
to  expect  that  it  would  withstand  other  treatment  which  would  be  neces- 
sary for  its  separation. 

Experimentally,  thyroxin  in  all  stages  of  purity  from  the  products  of 
the  first  hydrolysis  up  to  and  including  the  pure  crystalline  form,  con- 
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taining  65  per  cent  of  iodin,  was  shown  to  possess  the  same  physiologic 
activity  when  tested  with  the  cretin  and  myxedematous  patient. 

Another  method  which  has  been  used  to  test  the  physiologic  activity 
of  the  thyroid  hormone  is  the  effect  on  the  nitrogen  excretion  and  the 
pulse-rate  of  do^s.  Here,  again,  administration  of  thyroxin  in  all  stages 
of  purity  from  the  first  step  of  the  hydrolysis  up  to  and  including  the 
pure  crystalline  form  produces  an  increase  in  nitrogen  elimination,  very 
marked  increase  in  pulse-rate,  and  increase  in  nervous  irritability,  fre- 
quently with  production  of  a  tremor  in  the  animal.  Finally,  thyroxin 
has  been  tested  and  has  been  shown  to  increase  the  basal  metabolic  rate, 
not  only  of  myxedematous  patients,  but  of  normal  persons. 

Probably  the  most  significant,  and  indeed  fascinating,  effect  of 
thyroxin  is  its  tremendous  influence  upon  basal  metabolic  rate.  Ad- 
ministration of  thyroxin  will  increase  basal  metabolic  rate  from  40  per 
cent  below  normal'"  to  a  figure  which  is  limited  only  by  compatibility 
with  life.  This  is  so  striking  that  on  this  property  alone  the  proof  that 
thyroxin  is  the  active  constituent  of  the  thyroid  could  be  rested. 

These  results,  then,  show  that  the  physiologic  activity  of  desiccated 
thyroid  can  be  produced  by  the  administration  of  a  single  pure  crystal- 
line compound  of  known  composition.  Furthermore,  there  is  no  physio- 
logic effect  of  desiccated  thyroid  which  cannot  be  produced  by  this  same 
substance.  That  the  action  is  specific  for  thyroxin  has  also  been  tested 
by  administration  of  all  the  constituents  of  the  thyroid  other  than  thy- 
roxin to  cretins  and  myxedematous  patients.  It  is  interesting  to  find 
that  there  is  no  relief  of  any  symptom  specific  to  the  myxedematous 
patient*  by  the  administration  of  all  the  split  products'"  other  than  thy- 


A  Discussion  of  the  Chemical  Reactions  Concerned  with  the 
Function  of  the  Thyroid 
In  the  previous  pages  of  this  article  the  isolation  of  thyroxin  has  been 
detailed  and  its  physiologic  effects  have  been  shown.  On  these  results 
one  may  form  a  tentative  hypothesis  of  the  function  of  the  thyroid. 
While  thyroxin  has  not  been  synthesized  in  suiBcient  amount  to  estab- 
lish its  structural  formula  beyond  doubt,  still  work  toward  this  end  has 

*  The  aymptoms  in  myxedematous  patients  relieved  by  the  B  trartioD  of  the  thyroid 
split  products  has  been  shown  to  be  not  sperifir  to  the  condition  of  myxedemi 
phase  of  the  physiologic  activity  of  the  thyroid  will  not  be  disci       '    "  "  '    '' 
evidence  has  been  ai^umiilated  showing  that  there  is  an  eUTect 
the  products  of  the  thyroid  other  than  thyroxin. 
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progressed  to  a  point  which  has  practically  confirmed  its  structural  for- 
mula, and  no  single  derivative  or  chemical  reaction  has  been  found  which 
has  not  confirmed  the  formula  assigned.  I  therefore  base  this  proposed 
function  of  the  thyroid  mainly  on  the  knowledge  gained  of  its  structural 
formula.  It  has  already  been  shown  that  the  two  reactive  groups  in 
thyroxin  are  the  carbonyl  and  the  imino.  These  two  groups  therefore 
must  be  capable  of  explaining  the  chemical  reactions  involved  by  the 
functioning  of  thyroxin.  These  reactions  must  explain  the  function  of 
the  thyroid,  and  this  in  turn  must  explain  the  revolutionary  changes 
which  are  the  end  results  from  administration  of  thyroxin  to  cases  of 
cretinism  and  myxedema. 

Experiments  in  vitro  have  shown  that  the  carbonyl  group  of  thyroxin 
is  capable  of  reacting  with  the  amino  group  of  an  alpha-amino  acid. 
If  it  is  the  function  of  thyroxin  to  react  with  an  amino  group  and  the 
carboxyl  group,  there  are  three  possible  results  of  this  reaction:  (1)  is 
deaminization,  (2)  is  decarboxylation,"  and  (3)  is  both.  The  alpha- 
amino  group  having  condensed  with  the  carbonyl  of  thyroxin,  and  the 
carboxyl  having  been  taken  up  by  the  imino  group,  a  ring  of  six  members 
will  be  formed.  By  a  shift  in  the  stresses  of  this  ring  it  could  be  broken 
with  elimination  of  ammonia,  by  the  elimination  of  carbon  dioxid,  or  by 
the  elimination  of  both.  Which  one  would  occur  would  depend  on  the 
surrounding  medium.  The  details  of  this  action  cannot  be  discussed  as 
yet,  but  that  the  carbonyl  group  and  the  imino  group  are  involved  in  the 
function  of  thyroxin  it  is  possible  to  prove. 

The  introduction  of  pure  thyroxin  into  an  animal  organism  results 
in  a  deBnite  response  which  can  be  measured  by  the  increase  in  carbon 
dioxid  output,  the  increase  in  the  nitrogen  output,  and,  under  some  con- 
ditions, by  the  greatly  increased  pulse-rate  and  increased  nervous  irri- 
tability. If  the  introduction  into  an  animal  organism  of  a  derivative 
of  thyroxin  in  which  the  hydrogen  of  the  imino  was  replaced  by  other 
groups  produced  no  physiologic  response,  this  would  be  evidence  that 
the  imino  group  is  essential  for  the  functioning  of  thyroxin.  Derivatives 
of  this  type  have  been  injected,  and  while  the  work  must  be  still  further 
investigated,  the  results  were  sufficiently  striking  to  report  at  this  time. 
The  introduction  of  thyroxin  produced  a  very  marked  effect  on  the  pulse- 
rate  and  nervous  irritability  of  a  dog.  The  injection  of  the  ureid  and  the 
acetyl,  in  both  of  which  the  hydrogen  of  the  imino  was  replaced  by  an- 
other group,  produced  no  visible  effect  on  the  animal.  The  pulse-rate 
did  not  increase,  there  was  no  development  of  tremor  or  nervous  irrita- 


ey  Google 


334  E.  C.  KENDALL 

bility  of  any  kind  Injection  of  thyroxin  raised  the  pulse-rate  from  100 
to  220  per  minute;  injection  of  the  acetyl  and  ureid  did  not  increase  the 
pulse-rate  as  much  as  10  points. 

If  iodin  per  se  is  the  essential  portion  of  the  thyroid  hormone,  merely 
replacing  the  hydrogen  of  the  imino  group  by  a  derivative  would  proba- 
bly not  alter  the  effect  of  the  iodin  in  the  hormone,  and  it  should  function 
just  as  well  whether  or  not  the  hydrogen  of  the  imino  were  replaced. 
We  find,  however,  that  substitution  of  the  hydrogen  of  the  imino  renders 
the  substance  inert.  Iodin,  of  all  the  halogens,  appears  to  make  the 
balance  of  the  two  tautomeric  possibilities  existing  in  the  thyroxin 
grouping  the  most  delicate.  Other  groups  introduced  in  place  of  the 
iodin  would,  in  all  probability,  not  greatly  affect  the  gross  chemical 
possibilities,  but  they  would  certainly  alter  the  delicacy  of  its  responding 
to  a  change  in  the  hydrogen-ion  concentration  of  the  medium  in  which 
it  is  present. 

It  has  been  pointed  out  that  the  imino  group  of  thyroxin  is  easily 
affected  by  certain  impurities  which  occur  in  the  products  of  hydrolysis 
of  the  thyroid.  It  has  also  been  shown  that  mineral  acids  in  a  hot  solu- 
tion produce  some  reaction  which  renders  thyroxin  sensitive  to  subse- 
quent alkaline  treatment.  It  seems  very  probable  that  this  is  because, 
in  the  presence  of  the  acid,  the  hydrogen  of  the  imino  has  been  replaced 
by  some  derivative.  Since  it  has  been  shown  that  thyroxin  derivatives 
which  have  the  hydrogen  of  the  imino  replaced  lose  their  physiologic 
activity  at  least  in  part,  this  action  of  acid  forming  a  derivati\'e  with  the 
imino  group  could  very  satisfactorily  explain  the  loss  of  physiologic 
activity  of  iodothyrin. 

In  regard  to  the  relation  between  thyroxin  and  decarboxylation,  car- 
bon dioxid  output  has  been  quantitatively  associated  with  the  amount  of 
thyroxin  within  the  animal  organism.^  In  eight  cases  of  myxedema 
Plummer  has  shown  that  the  increa.se  in  the  basal  metabolic  rate  holds  a 
mathematical  relation  to  the  amount  of  thyroxin  administered,  and  this  re- 
lation did  not  differ  by  as  much  as  3  per  cent  in  the  eight  cases.  Increase 
in  basal  metabolic  rate  and  decarboxylation  are  not  synonymous  when 
applied  to  any  single  substance,  but  the  great  reactivity  of  the  imino 
group  of  thyroxin  with  the  carboxyl  group  and  the  direct  mathematical 
aud  quantitative  relation  between  carbon  dioxid  output  and  thyroxin 
permit  of  considerations  of  thyroid  activity  in  terms  of  chemical  reactions 
hitherto  impossible.  In  a  discussion  of  the  physiologic  activity  of  any 
thyroid  split  product  this  tremendous  influence  on  basal  metabolism  must 
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EXPERIMENTAL  LESIONS  IN  THE  CERVICAL  SYM- 
PATHETIC GANGLIA  IN  RELATION  TO 
EXOPHTHALMIC  GOITER* 


L.  B.  WILSON 


That  exophthalmic  goiter,  the  cliaical  manifestations  of  which  are 
due  essentially  to  a  greatly  increased  protein  metabolism,  is  the  joint 
result  of  disturbance  in  the  several  glands  concerned  with  metabolism, 
there  can  be  little  doubt.  The  fact  that  the  thyroid  shows  a  pronounced 
and  constant  series  of  functional  changes  parallel  with  the  course  of  the 
disease,  and  the  further  fact  that  removal  of  the  gland  arrests  the  symp- 
toms, is  convincing  though  not  absolute  proof  that  the  thyroid  ia  the 
secretory  gland  the  hyperfunction  of  which  initiates  the  metabolic 
disturbance. 

But  is  the  primary  hyperfunction  of  the  thyroid  the  result  of  primary 
pathologic  change  within  the  gland  itself  or  of  direct  stimulation  from 
its  nerve  supply?  Cannon's'  experimental  production  in  cats  of  some 
of  the  symptoms  of  exophthalmic  goiter  by  continuous  stimulation  of 
the  thyroid  through  the  sympathetic  system  suggests  the  latter.  Du- 
rante and  P  have  shown  that  in  all  cases  of  exophthalmic  goiter  we  have 
had  an  opportunity  to  examine  there  is  a  pronounced  and  constant 
pathologic  lesion  in  the  cervical  sympathetic  ganglia  from  which  the 
thyroid  receives  its  entire  nerve  supply.  There  is  much  suggestive 
evidence  that  these  pathologic  changes  in  the  cervical  sympathetic 
gangha  are  the  result  of  direct  bacterial  infection  within  the  ganglia. 

The  object  of  the  present  series  of  experiments  has  been  to  determine 
the  effect  directly  upon  the  cervical  sympathetic  ganglia  and  indirectly 
upon  the  thyroid  of  various  forms  of  stimulation  applied  to  the  ganglia 
themselves  in  healthy  animals.  Goats  have  been  used  for  the  experi- 
ments almost  exclusively,  and  the  results  on  these  animals  only  will  be 

*  Presented  before  the  AisodatioD  of  AmericaD  Physicians,  Atlsolic  Citj,  N.  J.,  Majr 
3,  1017.  Reprinted  from  Am.  Jour.  Med.  Sc.,  1S18,  civ.  Copyright,  191B.  Lea  and 
Febiger. 
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described  herein.  The  goat  is  a  very  desirable  animal  for  experiments 
on  the  sympathetic  ganglia  and  the  thyroid,  since  the  tissue-elements  of 
both  these  organs  in  their  normal  and  pathologic  morphology  and  their 
staining  reactions  closely  resemble  those  of  the  tissue-elements  of  the 
same  organs  in  man. 

Stimulation  in  some  of  the  experiments  has  been  produced  by  elec- 
tricity; in  most  instances,  however,  the  stimulus  has  been  obtained  by 
direct  bacterial  inoculation  into  the  ganglia.  Observations  have  been 
completed  on  10  goats,  and  are  still  in  progress  on  6  others. 


Tbchnic 

Electric  Kiimulaiion. — After  proper  etherization  of  a  goat,  its  right 
superior  cervical  sympathetic  ganglia  were  exposed.  The  ganglion  was 
then  directly  stimulated  by  a  moderate  tetanizing  current  for  one  second 
at  intervals  of  three  seconds  for  a  period  of  one  hour.  During  the 
experiment  the  animal's  blood-pressure  was  taken  and  the  amount  of 
saliva  excreted  noted.  After  one  hour  the  right  cervical  ganglion  and 
the  right  lobe  of  the  thyroid  were  removed  with  as  little  loss  of  blood  as 
possible.  The  left  superior  cervical  sympathetic  ganglion  was  then 
exposed  and  stimulated  in  the  same  manner  as  the  right  had  been,  but 
for  a  period  of  five  and  one-half  hours.  At  the  end  of  five  and  one-half 
hours  the  left  superior  cervical  sympathetic  ganglion  and  the  left  lobe 
of  the  thyroid  were  removed.  After  removal  the  ganglia  and  the  lobes 
of  the  thyroids  were  properly  fixed  and  stained  by  various  methods, 
the  ganglia  usually  by  Nissl's  and  Ramon  y  Cajal's  methods,  and  the 
thyroid  with  hematoxylin-eosin  and  by  Bensley's  acid-fuchsin-methy- 
lene-green  after  acetic-osmio-hichromate  fixation. 

Bacterial  sfimulation. — After  properly  etherizing  a  goat,  its  right  or 
left  superior  cervical  sympathetic  ganglion  was  exposed  and  a  small 
quantity  of  a  culture  of  some  bacterium  was  injected  into  the  capsule 
of  the  ganglion.  The  wound  was  clo.sed  with  aseptic  precautions,  and 
the  goat  placed  under  observation.  The  period  of  observation  varied 
from  three  days  to  three  months.  A  few  of  the  animals  died,  and  in 
such  instances  complete  postmortems  were  made.  In  some  of  the  others 
the  cervical  sympathetic  ganglia  and  the  lobes  of  the  thyroid  from  both 
sides  were  removed  at  operations.  In  the  remainder  of  the  goats  only 
the  injected  ganglion  and  the  thyroid  lobe  on  the  same  side  were  removed 
and  examined. 
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Summary  os-  Observations 

1.  The  normal  nerve-cells  of  the  cervical  sympathetic  ganglia  in 
the  adult  goat  closely  resemble  the  normal  nerve-celts  of  the  cervical 
sympathetic  ganglia  of  the  human  adult,  except  that  a  relatively  large 
number  of  them  are  binucleate.  Similarly,  the  thyroid  of  the  adult 
goat  when  at  rest  histologically  closely  resembles  the  resting  adult  human 
thyroid. 

2.  (a)  Moderate  electric  stimulation  applied  for  one  second  at  inter- 
vals of  three  seconds  for  a  period  of  one  hour  to  the  superior  cervical 
sympathetic  ganglion  of  an  adult  goat  appears  to  produce  no  marked 
changes  in  the  blood-pressure  or  respiration.  If  there  were  any  definite 
changes,  they  were  masked  by  the  diffuse  stimulation  involving  the 
vagus.  There  was  marked  salivation.  (6)  Microscopically,  after  the 
electric  stimulation  noted  above,  a  large  number  of  the  nerve-cells  of 
the  stimulated  ganglion  were  swollen  and  showed  hyperchromatization. 
The  demonstration  of  dissolution  of  the  chromatin  by  Nissl's  method, 
or  of  the  presence  of  lipoid  changes  by  Sudan  III  and  Ramon  y  Cajal's 
methods,  has  not  been  possible  in  any  of  the  cells,  (c)  After  the  above- 
mentioned  stimulation  the  cells  of  the  thyroid  parenchyma  were  found 
swollen,  their  protoplasm  distinctly  granular,  and  their  nuclei  well 
rounded.  The  acini  were  distended  with  a  feebly  staining  secretion, 
the  numerous  large  vacuoles  in  stained  preparations  of  which  indicated 
the  liquid  character  of  the  secretion.  The  condition  of  the  cells  and 
colloid  secretion  was  parallel  in  all  respects  to  that  found  in  the  thyroids 
of  early  ca^es  of  exophthalmic  goiter  in  the  human  subject. 

3.  (a)  Moderate  electric  stimulation  applied  to  the  superior  cervical 
sympathetic  ganglion  for  one  second  at  intervals  of  three  seconds 
throughout  a  period  of  five  and  one-half  hours  produced  clinical  changes 
similar  to  those  noted  in  paragraph  i.  (6)  Microscopically,  after  the 
electric  stimulation  noted  above,  many  of  the  nerve-cells  were  markedly 
swollen  and  showed  intense  hyperchromatization.  Many  were  swollen, 
hydropic,  and  with  disseminated  chromatin.  Sudan  III  preparations,, 
even  when  thoroughly  differentiated,  showed  conclusive  evidence  of 
lipoid  change.  This  was  demonstrated  by  Ramon  y  Cajal's  method. 
(c)  After  the  above-mentioned  stimulation,  the  cells  of  the  thyroid 
parenchyma  were  found  swollen,  but  not  nearly  so  much  so  as  in  those 
thyroids  in  which  stimulation  had  been  applied  for  only  one  hour.  The 
protoplasm  was  clear,  and  the  nuclei  showed  a  tendency  to  crenation. 
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The  acini  were  usually  more  distended,  and  were  filled  with  colloid 
material  which  was  more  densely  stained  and  contained  fewer  vacuoles 
than  that  noted  in  paragraph  2  (_b).  These  changes  were  evidently  the 
result  of  beginning  exhaustion  of  the  cells,  and  resembled  the  changes 
in  the  thyroid  in  cases  of  exophthalmic  goiter  in  the  human  subject  in 
which  remission  of  symptoms  has  already  begun. 

4.  (a)  After  the  injection  of  a  virulent  culture  of  Stteptococcus 
hemolyticus  into  the  capsule  of  the  superior  cervical  sympathetic 
ganglion  of  goats,  the  animals  died  within  three  days  after  exhibiting 
symptoms  of  an  intense  toxemia.  (6)  Within  the  injected  ganglion  of 
such  a  goat  the  nerve-cells  were  found  to  lie  in  greatly  distended  peri- 
cellular lymph-spaces.  They  were  markedly  hyperchromatic  and  hy- 
dropic, with  diffuse  dissemination  of  the  chromatin,  or  were  more  or  less 
completely  disintegrated.  No  evidence  of  lipoid  change  was  demon- 
strated by  the  Sudan  III  or  silver-impregnation  methods,  (c)  After 
the  above  injection,  the  cells  of  the  thyroid  parenchyma  were  palely 
staining,  not  swollen,  and  apparently  not  overfunctioning.  The  amount 
and  character  of  the  colloid  within  the  acini  was  not  distinguishable 
from  normal. 

5.  After  the  injection  of  certain  strains  of  Bacillus  influenzae  of 
apparently  low  virulence,  no  systemic  reaction  or  histologic  lesions  were 
demonstrated.  After  the  injection  of  other  strains  more  recently 
isolated  a  marked  inflammatory  reaction  was  found  aroimd  the  injected 
ganglia,  though  the  goats  had  shown  no  symptoms.  Changes  within 
the  ganglia  and  within  the  thyroid  were  indistinguishable  from  those 
within  the  ganglia  and  thyroids  from  the  goats  described  in  paragraph  6. 

6.  (a)  The  injection  of  freshly  isolated  virulent  cultures  of  Bacillus 
bronchisepticus  into  the  superior  cervical  sympathetic  ganglion  of  adult 
goats  usually  produced  marked  constitutional  symptoms,  such  as  trem- 
bling, increase  of  temperature,  and  loss  of  appetite,  and  frequently 
caused  death  in  from  three  days  to  three  weeks.  No  exophthalmos 
was  noted,  (b)  Within  the  injected  ganglion  of  such  a  goat  many  of 
the  nerve-cells  in  animals  dying  early  were  found  to  be  markedly  hyper- 
chromatic; others  were  hydropic,  with  disseminated  or  invisible  chro- 
matin and  more  or  less  distorted  nuclei  within  such  cells.  Sudan  III 
and  silver-impregnation  preparations  showed  the  presence  of  changed 
lipoids.  In  the  ganglia  of  goats  that  lived  three  weeks  or  more  there 
was  unmistakable  evidence  of  complete  cell-destruction,  in  some  in- 
stances extending  from  the  point  of  inoculation  well  into  the  ganglion. 
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Lipoid  pigmentation  was  distinctly  shown  by  Sudan  III  and  silver  im- 
pregnation. Histologically,  these  changes  were  parallel  to  those  found  in 
the  ganglia  in  cases  of  exophthalmic  goiter  in  the  human  subject,  (c) 
In  goats  from  which  the  thyroid  had  been  removed  in  from  three  days 
to  three  weeks  after  the  injection  the  ceils  of  the  thyroid  parenchyma 
were  actively  functionating,  as  was  evidenced  by  their  swollen  size,  granu- 
lar protoplasm,  well-rounded  nuclei,  and  the  presence  of  large  quantities 
of  feebly  staining  secretion  within  the  acini.  The  histologic  appeanmce 
was  closely  parallel  with  that  found  in  the  thyroid  in  early  cases  of 
exophthalmic  goiter.  When  a  period  of  three  months  had  elapsed  be- 
tween inoculation  and  removal  of  the  thyroid,  the  thyroid  parenchyma 
showed  evidence  of  exhausted  function  in  that  the  cells  were  no  longer 
swollen,  their  nuclei  were  more  or  less  crenated,  and  the  colloid  secre- 
tion within  the  acini  was  densely  staining. 

Conclusion 
From  the  above  experiments  it  would  appear  that  irritation  from 
the  presence  of  certain  bacteria  within  the  cervical  sympathetic  ganglia 
of  the  goat  may  produce  histologic  pictures  within  the  ganglia  and  in 
the  thyroid  which  parallel  those  found  in  the  various  stages  of  progres- 
sive and  regressive  exophthalmic  goiter.  This  evidence  supports  the 
suggestion  that  in  exophthalmic  goiter  the  thyroid  receives  its  stimulus 
to  overfunction  through  its  nerve  supply,  and  as  a  result  usually  of  a 
local  infection  in  the  cervical  sympathetic  ganglia. 
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In  an  attempt  to  determine  the  amount  of  treatment,  and  in  some 
measure  place  the  responsibility  for  the  faulty  treatment  of  diabetes  in 
general  practice,  the  histories  of  100  consecutive  cases  of  proved  glyco- 
suria were  analyzed.  There  were  54  males  and  46  females.  Grouped 
in  decades  in  respect  to  age  they  were  as  follows: 


Thus  it  is  seen  that  the  occurrence  of  diabetes  steadily  increases  with 
each  decade  up  to  the  sixth,  when  it  reaches  its  maximum.  This  may 
be  explained  in  two  ways:  First,  undoubtedly  diabetes  is  initiated  most 
frequently  in  the  fifth  and  sixth  decades.  Second,  it  is  during  this  period 
that,  with  beginning  deterioration  of  general  health,  the  greatest  number 
of  persons  report  for  general  examination.  It  is  astonishing  that  the 
occurrence  does  not  drop  more  decidedly  following  the  sixth  decade, 
as  the  rate  of  life  persistence  drops  appreciably  and  increasingly.  Fur- 
thermore, fewer  persons  in  this  period  think  it  worth  while  to  report 
for  examination.  Twenty-two  patients  in  the  series  were  suffering  from 
the  more  or  less  acute  or  rapidly  progressive  type  of  the  disease.  Their 
average  age  was  thirty-seven  years;  the  oldest  was  sixty-eight.  The 
other  seventy-eight  had  the  more  chronic  type  characteristic  of  diabetes 
in  middle  and  later  age. 

Forty-one  patients  had  no  previous  knowledge  of  glycosuria.  Of 
these,  31  gave  more  or  less  indefinite  histories,  while  10  gave  histories 
unmistakably  characteristic  of  diabetes.  It  could  not  be  estimated 
with  any  approach  to  accuracy  how  many  of  these  41  patients  had  had 
previous  examination  by  one  or  more  physicians.  However  small  this 
number  may  t)e,  it  is  too  large. 

Fifty-nine  patients  had  previous  knowledge  of  diabetes  varying  from 
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8  few  weeks  to  ten  years.  In  17  instances  there  had  been  no  effort  at 
dietary  treatment,  although  several  patients  had  been  given  "medicine 
to  cure  diabetes."  Of  the  42  cases  in  which  treatment  had  been  in- 
stituted, 21  patients  had  made  more  or  less  successful  efforts  to  stick  to 
the  diet  and  follow  directions.  The  other  21  had  either  dropped  treat- 
ment entirely  or  lapsed  into  an  inadequate  desultory  type  of  dieting, 
evidently  futile.  Clearly  the  faults  in  treatment  may  be  summed  up  as 
follows: 

1.  Lack  of  universal  routine  urinalysis.  Glycosuria  can  be  dis- 
covered by  one  of  the  simplest  and  most  easily  performed  laboratory 
tests  ever  devised,  namely,  the  Haines  test.  Urinalysis  is  well  taught 
in  e\'ery  reputable  medical  school  in  the  United  States. 

2.  Lack  of  cooperation  of  physician  with  the  patient  after  the 
diagnosis  has  been  established.  Physicians  are  apparently  reluctant 
to  devote  sufficient  time  and  thought  to  the  purpose  of  establishing  a 
diet  at  least  approximately  suitable.  So  often  the  patient  with  diabetes 
is  told  that  he  must  avoid  sugars  and  sweets,  and  that  nothing  further 
can  be  done.  The  patient,  considering  himself  incurable,  becomes 
completely  discouraged,  and  sits  down  to  await  the  end  with  as  much 
comfort  as  possible. 

3.  Lack  of  cooperation  of  the  patient  with  the  physician.  With 
very  few  exceptions  this  is  directly  due  to  the  reasons  indicated  in  the 
preceding  paragraph,  or  to  failure  on  the  part  of  the  physician  to  impress 
his  patient  with  the  fact  that  although  from  one  standpoint  diabetes  is 
an  incurable  disease,  in  a  large  majority  of  cases  it  is  so  controllable  that 
life  may  be  indefinitely  prolonged  in  comparative  comfort,  and  dis- 
tressing crippling  sequelte,  such  as  gangrene,  optic  neuritis,  and  cataract, 
may  be  frequently  avoided. 

I  would  mention  here  that  juvenile  diabetes,  while  a  grave  condition, 
is  not  always  necessarily  fatal.  Riesman  reports  cases  of  a  type  with 
low  glycosuria,  high  tolerance,  and  mild  symptomatology,  which  re- 
sponded to  diet  very  gratifyingly. 

In  the  decades  in  which  diabetes  is  most  frequent,  the  greatest  and 
most  lasting  results  may  be  obtained  by  the  maintenance  of  a  proper 
diet.  This  is  a  most  pertinent  and  significant  fact.  During  recent 
years,  advance  in  the  therapeusis  of  diabetes  has  been  given  great 
stimulus  by  two  brilliant  investigators — Allen  in  the  experimental  field 
and  Joslin  in  the  clinical. 

Joslin's  work  has  been  especially  acceptable  to  the  practitioner 
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because  it  has  provided  him  with  diet  tables,  food  values,  and  a  working 
knowledge  of  their  application.  Allen's  valuable  contribution  has  been 
in  working  out  the  safety,  practicability  and  great  value  of  starvation 
treatment,  which  was  conceived,  attempted,  and  discarded  many  years 
previously. 

After  the  diagnosis  has  been  settled  it  is  necessary  to  secure  the 
absolute  cobperation  of  the  patient  by  carefully  educating  him  in  the 
theory  and  essentials  of  his  treatment.  The  severity  and  gravity  of 
the  case  should  then  be  carefully  estimated,  so  that  abrupt  changes 
in  diet  may  not  precipitate  serious  consequences.  With  attention 
to  these  details,  the  urine  is  rendered  sugar  free  as  rapidly  as  possi- 
ble. In  accomplishing  this,  forty-eight  hours  of  starvation  are  exceed- 
ingly efficient.  During  starvation,  water  ad  libitum  is  allowed,  also 
bouillon  or  clear  meat  broths,  the  use  of  salt  being  encouraged,  and  small 
amounts  of  whisky  if  desired.  In  doubtful  cases  Joslin  advocates 
a  prestarvation  period  of  from  several  days  to  a  week  or  two,  during 
which  time  fats  and  oils  are  first  subtracted  from  the  diet,  and  afterward 
the  carbohydrates  are  diminished.  Starvation  is  then  begun.  Follow- 
ing the  starvation  the  urine  will  usually  be  found  sugar  free.  There 
should  then  be  instituted  a  mixed  protein  and  green  vegetable  diet, 
low  in  fats  and  small  in  amount.  Tolerance  may  be  established  by 
gradually  adding  known  amounts  of  a  uniform  carbohydrate-containing 
food  until  sugar  appears  in  the  urine. 

From  here  on  the  purpose  becomes  twofold;  First,  to  raise  tolerance 
as  much  as  possible  by  keeping  well  below  the  tolerance  threshold. 
Second,  to  maintain  nourishment,  providing  as  acceptable  and  variant 
a  diet  as  possible.  This  is  readily  done  with  standardized  food  tables, 
many  of  which  have  been  published.  During  the  period  of  observation, 
needless  to  say,  frequent  urinalysis  is  imperative.  After  the  period  of 
observation  has  been  completed  and  tolerance  established,  it  becomes 
necessary  to  create  a  diet  suitable  for  that  particular  patient,  on  which 
he  must  exist  until  future  developments  give  cause  for  a  change.  It 
has  been  my  own  experience  that  a  steady  diet,  day  after  day,  is  not  only 
monotonous,  but  also  apt  to  lose  its  initial  safe  relation  to  tolerance. 

In  its  place  we  have  used  a  routine  week's  cycle,  initiating  it  with 
one  day  of  starvation  followed  by  one  or  two  days  of  rather  strict  diet, 
and  ending  it  with  at  least  one  day  of  fairly  liberal  diet.  This  scheme  is 
open  to  many  variations,  and  is  especially  applicable  to  the  use  of  on 


ey  Google 


DIABETES  AND  THE  PHACTITIONER  345 

oatmeal  day.  It  also  has  the  advantage  of  being  more  acceptable  to 
the  patient  for  long  periods. 

If  the  patient  has  been  thoroughly  impressed  with  the  importance 
of  bis  treatment,  he  will,  on  his  own  initiative,  report  at  intervals  for 
urinalysis  and  any  necessary  alterations  of  diet. 

The  question  as  to  whether  or  not  the  patient  should  be  taught  to 
test  his  own  urine  must  be  settled  according  to  the  merits  of  the  indi- 
vidual case.  There  are  advantages  and  distinct  drawbacks.  Patients 
with  strong  nervous  tendencies  should  not  be  allowed  to  test  their  own 
urine.  The  reason  for  this  is  self-apparent.  Fright,  shock,  and  nervous 
excitement  undoubtedly  play  a  rdle  in  the  causation  of  diabetes. 

In  Joslin's  most  recent  work  he  has  compiled  an  interesting  series 
of  statistical  records  which,  taken  as  prima  facie  evidence,  seemingly 
show  that  diabetes  is  on  the  increase.  However,  their  probable  meaning 
is  that  urinalysis  is  becoming  more  common  and  that  greater  numbers 
of  persons  are  coming  for  examination.  This  fact  at  least  is  clear: 
Diabetes  is  prevalent  in  all  parts  of  the  cilivized  world.  Its  presence 
can  be  neither  evaded  nor  ignored.  Only  in  small  part  can  it  he  treated 
by  the  sanitarium  or  the  specialist.  Let  us  face  the  fact,  therefore,  that 
the  responsibility  for  the  diagnosis  and  treatment  of  diabetes  rests  with 
the  practising  physician,  who  would  do  well  to  equip  himself  to  the  best 
of  his  ability,  to  cope  with  this  really  most  amenable  condition. 

TABLE 
Males,  94;  females,  46. 

Decades 1    8    3      4      5      0      7  aod  above 

Number 1     4    6     H     21     32    !t 

Acute  type,  !2  patients;  average  age,  37  years 

Previous  knowledge  of   /  17  no  treatment 

Depredation  of  general  health  due  to  diabetes,  48 
General  iavolvement  of  nervous  system,  9 
Definite  changes  in  eyes.  6 
Gangrene,  I 
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THE  ACTION  OF  ADRENALIN  IN  INHI  BITING  THE 
FLOW  OF  PANCREATIC  SECRETION* 

F.  C.  MANN   AND    L.  C.  McLACHLIN 


Benedicenti  was  the  first  to  obser\'e  that  adrenalin  inhibited  the 
flow  of  pancreatic  juice.  He  noted  that  the  subcutaneous  injection  of 
adrenalin  decreased  the  flow  of  pancreatic  secretion  from  pancreatic 
flstulas  in  dogs  for  a  considerable  length  of  time.  Independently. 
Pemberton  and  Sweet  observed  the  same  action  of  adrenalin.  They 
studied  the  effect  of  injection  of  adrenalin  and  extracts  of  various  organs 
on  the  flow  of  secretion  from  a  pancreas  stimulated  by  intermittent 
injections  of  secretin.  From  the  results  of  their  experiments  they  con- 
clude that  the  inhibition  of  pancreatic  secretion  by  adrenalin  is  inde- 
pendent of  the  rise  in  general  blood-pressure,  that  it  is  probably  speciflc, 
and  that  one  of  the  functions  of  the  adrenals  may  be  an  antagonistic 
action  toward  the  pancreas. 

Edmunds  repeated  the  work  of  Pemberton  and  Sweet,  and  studied 
the  action  of  many  other  drugs  on  the  rate  of  pancreatic  secretion  from 
a  pancreas  stimulated  by  a  continuous  injection  of  secretin.  He  found 
that  practically  all  drugs  or  mechanical  i>rocedures  which  increased 
general  blood-pressure  decreased  the  flow  of  pancreatic  juice.  However, 
some  drugs,  such  as  adrenalin,  produced  a  greater  and  more  prolonged 
inhibition  of  pancreatic  secretion  than  others.  Plethysmographic  trac- 
ings of  the  pancreas  showed  that  the  drugs  having  the  more  effective 
action  produced  a  greater  and  more  prolonged  constriction  of  the  pan- 
creatic vessels.  Edmunds  concluded  that  adrenalin  inhibited  pancreatic 
function  by  producing  anemia  of  the  organ. 

In  a  research  on  the  general  problem  of  the  possible  interrelation  of 
the  adrenals  to  the  pancreas  one  of  us  (Mann)  became  interested  in  the 
action  of  adrenalin  on  pancreatic  secretion.  The  results  of  several 
experiments  dealing  with  this  problem  were  practically  the  same  as  those 
obtained  by  Edmunds.  However,  the  work  of  Edmunds  was  done 
*  Reprinted  trum  The  Jour,  of  Pbannacol.  and-Exper.  Thn&p.,  x,  851-259. 
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before  the  depressor  action  of  adrenalin  had  been  demonstrated  and, 
in  fact,  only  the  large  pressor  doses  of  the  drug  were  used  in  all  previous 
investigations  of  this  subject.  It  seemed  desirable  to  study  the  effect 
of  very  small  doses  of  adrenalin,  particularly  doses  which  would  produce 
a  depressor  action  on  the  blood-pressure  and  on  the  flow  of  pancreatic 
juice. 

The  animals  used  in  the  research  were  dogs  and  cats.  They  were 
fasted  from  eighteen  to  twenty-four  hours  before  experiments  were 
begun.  All  the  experiments  were  performed  under  urethane  or  ether 
anesthesia,  the  latter  being  administered  hy  means  of  the  Connell  appar- 
atus.    The  ether  tension  varied  between  36  and  44.     Carotid  blood- 


KiR,  IIS. — KymogThpb  ivcord  of  blDoJ-pm^urr  nnd  ralv  of  pHncrvAtic  How. 
injnlioii.  Had  O.'IOc.c.  the  miDiitc  following  iniHtJoq. 

pressure  was  recorded  by  a  mercury  manometer.  Both  vagi  were 
always  sectioned.  The  pancreas  was  stimulated  by  secretin  prepared 
by  the  original  method  of  Bayliss  and  Starling.  In  order  to  obtain  a 
uniform  flow  of  pancreatic  juice  it  was  found  best  to  use  the  continuous 
injection  of  secretin  as  employed  by  Edmunds.  In  practice,  however, 
Woodyalt's  continuous  injection  apparatus  was  found  to  be  of  great 
value.  The  secretin  was  injected  quite  rapidly  until  the  gland  began 
to  secrete;  it  was  then  decreased  to  a  rate  which  just  maintained  a 
moderate  flow  of  pancreatic  juice.  In  this  manner  it  was  often  possible 
to  have  an  active  gland  with  a  normal  general  blood -pressure.  The 
flow  of  pancreatic  juice  was  measured  by  placing  in  the  major  pancreatic 
duct  a  cannula  connected  with  a  glass  tube  graduated  in  0.01  c.c.     One 
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observer  devoted  hia  full  time  to  recording  the  flow  of  secretion  by  means 
of  a  signal  magnet.  When  cats  were  used,  the  adrenalin  was  adminis- 
tered in  exactly  the  same  manner  as  that  employed  by  Cannon  and 
Lyman  in  regard  to  the  strength  of  the  solution,  the  dose,  and  the  rate 
of  injection.     The  technic  of  injecting  with  a  buret,  as  Hoskins  describes. 


Fig.  ltd.— Kymogripb  rKonl  of  blood-pnwurc  (nd  latc  o(  puicmtic  6dw. 
Time  in  minuta  tod  Kcondi.     The  injeclian  oT  60  <:.c.  of  I  :  ImiKH)  sdrtoiUn  solution  dccraued  blood- 
pRMnn  From  90  Id  70.  and  drcmKd  rmtv  of  pmioreAtic  flow  from  0.31  r.c.  tbe  minute  prtcedin^  thv  iaj««tion  to 
O-M  c.<u  the  minutf  durinf  (ht  jnwctron,  uui  0-18  cc.  the  mioutF  foUowinff  jnin^ioD.     Blood-preflmR  and  nta 
at  iemllDn  were  both  very  slow  to  KOinr. 

was  used  in  the  experiments  on  dogs.     The  strength  usually  employed 
was  1 :  500,000,  and  only  fresh  solutions  were  used. 

We  were  not  uniformly  successful  in  obtaining  the  depressor  action 
of  adrenalin.  This  may  have  been  due  to  several  causes,  chief  of  which 
was  the  fact  that  the  usual  preparation  of  secretin  decreases  blood- 
pressure.     We  were  never  able  to  obtain  the  depressor  action  of  adrenalin 
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when  the  blood-pressure  was  low,  but  a  pure  depressor  response  was 
quite  frequently  obtained  with  a  fairly  normal  blood -pressure.  A  de- 
pressor action  preceded  by  a  slight  pressor  action  was  quite  commonly 


secured.    The  slight  initial  rise  in  blood -pressure  was  due,  at  least 
partially,  to  the  quantity  of  fluid  injected. 

The  action  of  relatively  large  doses  of  adrenalin,  injected  intraven- 
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ously  at  a  rapid  rate,  on  the  flow  of  secretion  from  an  active  pancreas  is 
very  uniform.  As  the  blood-pressure  suddenly  increases  the  pancreatic 
flow  is  at  6rst  slightly  increased  for  a  few  seconds,  but  soon  decreases, 
and  it  may  he  completely  inhibited.  The  decrease  in  pancreatic  secre- 
tion usually  persists  a  short  time  after  the  blood-pressure  has  reached 
its  previous  level,  and  returns  to  normal  under  a  continuous  injection 
of  secretin.  Large  doses  of  adrenalin  which  increase  blood-pressure 
50  mm.  or  more  have  never  failed,  in  our  experiments,  to  decrease  the 
flow  of  pancreatic  secretion. 

Small  doses  of  adrenalin  injected  slowly,  or  large  amounts  of  a  weak 


Fir.  I^. — Kymugnph  rccnrd  ol 

solution  of  the  substance  injected  rapidly,  have  a  variable  action  on  the 
flow  of  pancreatic  se<Tetion.  In  a  very  few  animals  the  pancreatic  flow 
was  not  affected  until  a  dose  sufficient  to  increase  blood-pressure  40  mm. 
was  injected.  In  other  animals  the  pancreas  was  so  sensitive  to  the 
action  of  adrenalin  that  it  was  {>ossible.  by  injecting  a  very  weak  solution 
quite  slowly,  to  decrease  the  flow  of  pancreatic  secretion  without  affect- 
ing the  general  blood-pressure. 

When  adrenalin  produced  a  depressor  action  on  blood-pressure,  it 
usually  also  decreased  pancreatic  flow.  In  many  instances  the  decrease 
was  quite  marked,  while  in  others  it  was  slight. 

In  none  of  our  experiments  did  adrenalin  increase  the  rate  of  secre- 
tion. 
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The  decrease  in  the  flow  of  pancreatic  secretion  secured  by  adrenalin 
is  not  directly  dependent  on  general  blood -pressure.  The  fact  that  by 
varj'ing  the  doses  and  rate  of  injection  of  adrenalin  it  is  possible  to 
produce  both  pressor  and  depressor  response,  but  only  a  decrease  in 
pancreatic  flow  in  each  instance  demonstrates  this.  It  is  also  proved 
by  the  results  of  the  injection  of  small  doses  of  adrenalin  with  a  varying 
general  blood-pressure.  When  the  injection  of  a  small  dose  of  adren- 
alin decreases  the  flow  of  pancreatic  juice  at  the  beginning  of  an  ex- 
periment when  the  blood-pressure  is  relatively  high,  an  equal  dose 
will  produce  a  comparable  decrease  in  flow  at  the  end  of  the  experiment. 


when  the  blood-pressure  is  low,  and  the  maximum  pressure  produced 
may  be  only  half  of  that  produced  at  the  beginning  of  the  experiment. 

.\s  Edmunds  showed  in  his  work,  the  probable  solution  of  the  problem 
is  secured  by  a  study  of  pancreatic  volume  following  the  injection  of 
adrenalin.  By  applying  a  suitable  plethysmograpb  to  the  pancreas  we 
were  able  to  obtain  several  records  showing  the  changes  of  pancreatic 
volume  due  to  depressor  doses  of  adrenalin.  We  were  not  always  able 
to  obtain  a  record  of  volume  changes,  owing  to  technical  difficulties,  but 
when  we  did,  they  always  denoted  a  decrease,  namely,  a  vasoconstriction. 
Even  when  adrenalin  produced  a  marked  depressor  action  on  general 
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blood-pressure,  the  pancreatic  volume  and  the  rate  of  pancreatic  flow 
also  decreased. 

Summary 
Large  doses  of  adrenalin  which  produce  a  marked  nse  of  blood- 
pressure  always  decrease  the  flow  of  pancreatic  secretion.  Very  small 
doses  usually  also  decrease  the  activity  of  the  pancreas  regardless  of 
whether  a  pressor  or  depressor  action  of  blood-pressure  is  produced. 
Adrenalin  also  decreases  pancreatic  volume  at  the  same  time  it  decreases 
pancreatic  flow,  regardless  of  its  effect  on  the  general  blood-pressure. 
The  results  of  these  experiments  do  not  allow  us  to  state  deBnitely  that 
adrenalin  does  not  specifically  inhibit  the  action  of  the  pancreatic  cells, 
but  it  would  seem  that  the  action  of  adrenalin  in  inhibiting  the  pancre- 
atic secretion  depends  on  the  amount  of  blood  passing  through  the 
gland.  Large  doses  of  adrenalin,  even  though  general  blood-pressure  is 
greatly  increased,  decrease  the  amount  of  blood  to  the  pancreas  by  exces- 
sive local  constriction,  and  thus  decrease  the  flow  of  pancreatic  juice. 
Small  doses  may  or  may  not  affect  the  secretion  of  the  pancreas,  depend- 
ing on  whether  the  relation  of  the  local  constriction  and  the  changes  in 
general  blood-pressure  change  the  amount  of  blood  going  to  the  gland. 
The  pancreatic  vessels  may  constrict  with  a  dose  which  will  produce 
enough  dilatation  elsewhere  to  cause  a  decrease  in  general  blood-pressure, 
or  which  may  not  produce  enough  general  action  to  affect  blood-pressure 
at  all.  In  every  case  the  cause  is  the  same— a  reduction  of  the  amount 
of  blood  passing  through  the  gland  per  unit  of  time.  However,  these 
results  all  tend  to  accentuate  the  fact  that  the  pancreatic  vessels  seem 
to  be  more  sensitive  toward  the  pressor  action  of  adrenalin  than  those  of 
any  other  region  concerning  which  we  have  data. 
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Id  a  study  of  the  ductless  glands  during  hibernation  the  other  organs 
were  observed  routinely.'  The  most  striking  changes  noted  in  the  hiber- 
nating animals  occurred  in  the  spleen. 

Polimanti,'  in  his  recent  monograph  on  hibernation,  mentions  the 
spleen  only  briefly,  and  there  are  few  references  in  his  comprehensive 
bibliography  to  observations  on  the  spleen  during  hibernation.  It  was 
thought  that  a  note  recording  our  observations  might  be  of  value. 

These  observations  were  carried  out  on  spermophiles  (S.  tridecem- 
lineatus).  The  data  in  regard  to  length  of  time  torpid,  temperature, 
and  other  important  factors  of  the  hibernating  animal  have  been  given 
in  detail  in  another  paper'  and  will  not  be  repeated  here.  Suffice  to 
state  that  spleens  from  30  hibernating  animals  and  a  corresponding 
number  from  active  animals  were  studied.  Of  the  active  animals  18 
were  killed  after  varying  lengths  of  time  of  activity  after  awakening. 
This  number  does  not  include  the  animals  used  in  the  special  experi- 
ments reported  in  this  article.  The  time  of  hibernation  varied  from 
twelve  hours  to  one  hundred  and  seventy-five  days.  Specimens  of  the 
active  animals  were  obtained  at  various  times  throughout  the  year. 

Unless  otherwise  stated,  the  active  animals  were  killed  by  bleeding 
under  light  anesthesia.  The  torpid  animals  were  bled  without  anes- 
thesia. The  specimens  were  6xed  in  several  fluids,  those  most  used 
being  formalin,  neutral  formalin,  Zenker,  and  Zenker  acetic.  The  sec- 
tions were  stained  with  hematoxylin  eosin,  Mallory's  connective-tissue 
stain,  and  a  few  other  special  stains,  such  as  Scharlach  R. 

The  structure  of  the  spleen  of  the  spermophile  does  not  differ  essen- 
tially from  that  of  the  spleen  of  other  rodents.  The  splenic  nodules  are 
prominent  and  the  sinuses  rather  large.  The  most  notable  fact  in  re- 
gard to  the  histology  of  the  organ  is  the  relatively  thick  trabeculas  con- 
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taining  a  large  amount  of  smooth  muscle.     In  the  gland  of  the  active 
animal  usually  only  a  small  amount  of  blood  is  found. 

Within  twelve  hours  after  an  animal  becomes  torpid  the  spleen  pre- 
sents a  very  characteristic  appearance.  Grossly  and  microscopically 
the  organ  is  markedly  congested.  It  is  greatly  enlarged  and  much  darker 
in  color  than  normal.  The  capsule  is  tense  and  the  tissue  friable.  On 
section  an  increased  amount  of  dark  blood  escapes.     Owing  to  the  large 


Tin.  141.— PboldmKniinph  ol  ipkrii  of  SonmrnhUr  <UCI,  ■  hcule  csplund  in  the  iprinjl  of  ISIS,  It 
bad  Itr^n  lurpid  conlinuou^ly  for  6ft<^ik  dsy^  althouafi  it  lud  hibfniHtnl  for  a  ihoTl  time  bIbo  »rliFr  in  Uw 
•ruon.     Did  nol   luvr  un»  Id  tool.     KiLIrd  Juiuiry  1.  1916.  bir  blnslinv.     Al  Ihii  time  it  veidhed  %i  gw. 

amount  of  blood  present  it  is  impossible  to  recognize  any  of  the  finer 
details  of  the  organ  grossly.  Microscopically  the  organ  presents  a  most 
intense  congestion.  The  sinuses  and  venous  capillaries  are  distended  to 
their  fullest  extent  with  blood.  In  some  organs  red  corpuscles  were 
found  in  the  germ  centers.  It  appeared  as  if  the  congestion  was  so 
great  as  to  force  the  cells  into  these  centers. 

The  hibernating  spleen  reaches  its  maximum  state  of  congestion 
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within  a  few  days  after  the  animal  becomes  torpid  and  maintains  this 
condition  until  after  about  forty  days  of  hibernation.  After  the  animal 
has  been  torpid  for  seventy-five  days  the  amount  of  blood  contained  in 
the  spleen  is  not  greatly  in  excess  of  that  found  in  the  organ  of  the  active 
animals.  The  blood  seems  to  begin  to  decrease  at  the  periphery  of  the 
organ  first.  This  is  probably  due  to  the  fact  that  the  effect  of  the  con- 
traction of  the  intrinsic  muscles  is  first  exerted  on  the  surface  of  the 
organ. 


Pig.  IM.— Pbotamicroffipli  tl  lunt  iKtioii  u  IhU  ibown  in  Fi(.  lU  IX  WO). 

Besides  the  marked  congestion,  there  seems  to  be  very  little  other 
change  in  the  spleen.  In  some  animals  which  had  been  torpid  for  many 
days  there  seemed  to  be  a  slight  proliferation  of  the  connective  tissue, 
especially  around  the  splenic  nodules.  Specimens  of  the  spleens  of  both 
active  and  torpid  animals  were  fixed  in  formalin  and  the  section  stained 
with  Scharlach  R  for  fat.  Rarely  were  fat  droplets  found  in  any  of  the 
cells  of  the  organs  of  active  animals.  In  several  of  the  spleens  of  torpid 
animab,  certain  cells  were  found  containing  fat-droplets.  These  cells, 
usually  few  in  number,  were  large  lymph-cells  which  were  always  found 
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in  the  germ  centers.     We  have  never  observed  fat-containing  cells  in 
any  other  part  of  the  spleen. 

In  the  spleen  of  the  active  spermophile  there  can  always  be  found  a 
considerable  nuraber  of  phagocytic  endothelial  cells  containing  red 
blood-corpuscles  or  blood-pigment.  In  the  congested  spleen  of  the 
animal  which  has  been  torpid  for  only  a  short  length  of  time  there  seems 
to  be  a  marked  decrease  in  these  cells.   Owing  to  the  marked  congestion. 


Fi(.  1>T.— Plwtaiiiicnimpli  of  iplm  of  SpiTmopliilF  I  IT.  k  lule  captuTnl  ID  the  ipringot  lAld. 

HI  lorpid  lor  thiHy-fivr  dayi.    Htd  ureu  luFood.^  Killnj  Junuiry  10.  I01S,  by  blcrding,    Atthia 


it  may  be  that  this  Is  only  a  relative  decrease  or  the  cells  are  masked  by 
the  large  amount  of  blood  present.  However,  in  some  of  the  organs  of 
animals  which  had  been  torpid  less  than  forty  days  we  were  not  able  to 
find  any  of  these  cells.  They  reappeared  in  the  animals  which  had 
hibernated  longer  and  were  still  more  numerous  in  the  active  animals 
which  were  killed  within  a  short  period  after  awakening.  However,  the 
largest  number  have  always  been  found  in  the  active  animals. 

Some  of  the  torpid  animals  were  killed  without  bleeding.     The  con- 
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gestion  of  the  spleen  did  not  seem  to  be  greater  in  these  animals  than  in 
those  which  were  bled. 

Some  experimental  procedures  were  employed  in  the  attempt  to 
reproduce  in  the  active  animal  the  picture  of  the  spleen  found  in  the 
torpid  animal.  Some  animals  were  killed  with  ether  and  about  fifteen 
minutes  after  death  the  spleen  was  carefully  removed  and  fixed.  Other 
spermophiles  were  asphyxiated  either  in  a  closed  jar  or  with  illuminating 


18.— Pbotoinirrarraph  of  spleen  ol  SpeimophUe  tSS,  *  feaulF  oplurcd  in  Junr.  IBM.  Il  hibn 
k*plinlbFn>ldilumit[thF  wintnoHSK-lRll.  PImd  in  hlhrtnitmiirDain  and  load  vithilniw 
li  of  Scplfmbn.  leil,  Killnl  Juiunty  «T.  ItlB,  liter  hihcrutinR  nboiit  ont  hundrHl  uid  IwfdI; 
RrUI  tcmpinlurFat  limr  of  d»th,  IT  C.     Dmily  obirnalwiu  nrrr  not  milr.     Tbe  ipl«Q  i 


gas.  Some  animals  killed  by  the  latter  method  were  asleep.  In  some 
experiments  the  venous  outflow  was  impeded  for  a  short  period  before 
death.  While  most  of  the  spleens  in  animals  subjected  to  these  experi- 
mental procedures  showed  congestion,  it  was  impossible  to  attain  com- 
pletely the  intense  conpestion  noted  in  the  organ  of  the  animal  which 
had  been  torpid  for  only  a  short  time. 

The  adult  spermophile  usually  withstands  operation  very  well,  but 
removal  of  the  spleen  proved  to  be  an  exception.     Most  of  the  animals 
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died  within  a  few  weeks  after  splenectomy,  but  a  few  lived  for  several 
months.  Careful  observation  showed  that  these  splenectomized  ani- 
mals hibernated  under  the  same  conditions  as  the  controls. 

The  intense  congestion  of  the  hibernating  spleen  is  probably  due  to  a 
loss  of  tone  and  relaxation  of  the  intrinsic  muscles  of  both  the  spleen  and 
the  blood-vessels.  A  consideration  of  the  part  this  plays  in  the  phenom- 
ena of  hibernation  must  be  purely  speculative.  It  is  possible  that  the 
spleen  acts  as  a  storeroom  for  the  red  blood-cells  in  the  early  stages  of 
hiberaatioD  and  allows  them  to  be  added  to  the  circulation  as  needed. 
The  fact  that  the  corpuscles  in  the  congested  sinuses  appear  perfectly 
normal  and  that  phagocytosis  of  the  red  cells  seems  to  be  decreased  and 
not  increased,  as  one  would  anticipate,  strengthens  this  idea.  However, 
the  fact  that  splenectomized  animals  hibernate  normally  shows  that 
this  is  only  a  secondary  factor. 
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THE   RELATION  OF  THE   SPLEEN  TO  CERTAIN 
OBSCURE  CLINICAL  PHENOMENA* 


There  is  a  fascination  about  the  study  of  the  spleen  in  its  relation  to 
clinical  medicine  which  is  increased  by  the  fact  that  those  twin  sisters  of 
progress,  pathology,  and  experimental  medicine,  have  contributed  so 
little  to  our  knowledge  of  the  organ.  The  result  has  been  that  what  we 
know  and  what  we  think  we  know  about  the  spleen  is  largely  the  result 
of  circumstantial  evidence  having  its  origin  in  comparative  anatomy  and 
physiology,  and  the  results  of  clinical  experiences  capable  of  different 
interpretations.  As  the  spleen  has  no  external  secretion  and  no  known 
internal  secretion,  the  results  of  its  actions  cannot  be  studied  directly. 
We  know  that  the  removal  of  the  normal  spleen  rendered  necessary  by 
traumatism,  etc.,  introduces  no  serious  bodily  change.  In  practically 
all  the  diseases  in  which  splenectomy  is  thought  to  be  indicated  the 
spleen  is  enlarged,  and  this  enlargement,  on  account  of  the  concealed 
situation  of  the  organ,  must  be  very  considerable,  perhaps  twice  the 
normal  size  before  we  can  know  that  the  enlargement  exists.  Palpa- 
tion gives  the  only  definite  information  as  to  the  size  of  the  spleen;  if  it 
cannot  be  felt,  percussion  is  a  poor  and  misleading  substitute.  Much 
may  be  expected  from  the  roentgenogram  in  the  future  to  make  manifest 
the  size  and  position  of  the  spleen  as  it  has  so  satisfactorily  done  with  the 
kidney.  We  are  as  yet  unable  to  study  the  earlier  manifestations  of 
associated  diseases  in  relation  to  the  size  of  the  spleen;  and  its  lesions 
are  gross  before  we  can  be  certain  that  it  is  concerned  in  the  production 
of  the  symptoms  from  which  the  patient  suffers.  Another  source  of 
uncertainty  arises  from  the  fact  that  the  spleen  alone  is  seldom  respon- 
sible for  the  production  of  the  clinical  phenomena.  It  is  more  often  the 
agent  than  the  cause  of  the  illness.  In  the  168  cases  in  which  we  have 
removed  the  spleen  it  was  surprising  how  many  diverse  clinical  condi- 
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tions  were  represented  and  yet  how  little  the  pathologic  diagnosis  vaned. 
No  matter  how  widely  the  clinical  phenomena  differed,  the  spleens  on 
both  gross  and  microscopic  examination  showed  changes  varying  chiefly 
in  degree;  that  is,  a  more  or  less  marked  fibrosis,  a  greater  or  a  smaller 
amount  of  degeneration  of  the  blood-vessels  and  Malpighian  bodies,  or  a 
hypotrophic  or  an  atrophic  spleen  pulp.  Cell  study  of  fresh  splenic 
tissue  by  special  methods  is  needed  and  gives  promise  of  more  definite 
pathologic  comparisons. 

Accepting  then  the  necessity  for  securing  what  knowledge  we  may 
from  collateral  evidence,  an  investigation  of  the  facts,  near-facts,  and 
fancies,  taken  as  a  whole,  may  throw  considerable  light  on  the  subject. 

The  spleen  is  derived  from  mesoblastic  tissue,  and  is  probably  con- 
cerned largely  with  filtration  of  certain  substances  from  the  blood  and 
the  product  of  its  activities  is  delivered  to  the  liver  through  the  splenic 
vein,  suggesting  at  once  what  clinical  experience  has  shown — its  relation 
to  the  blood  and  to  the  liver.  It  may  perhaps  be  most  aptly  compared 
to  the  kidney,  also  derived  from  mesoblastic  structure,  and  also  without 
true  secretion — ^a  filtering  organ.  Cushny  well  expresses  the  modem 
view  that  the  kidney  has  no  true  secretion,  but  that  it  filters  certain  sub- 
stances from  the  blood  in  proportion  to  the  absolute  amount  in  the 
plasma,  so-called  no-threshold  bodies  and  other  threshold  bodies  only 
when  their  percentage  in  the  plasma  exceeds  certain  values. 

The  normal  spleen  weighs  195  grams  (Sappey).  It  has  a  veiy  scanty 
nerve  supply  from  the  sympathetic  system,  but  it  does  contain  a  con- 
siderable amount  of  non-striated  muscle-fiber.  Keith  has  demonstrated 
that  the  non-striated  muscle  has  the  power  of  originating  contractions 
independent  of  nerve  supply,  and  exhibits  a  most  primitive  form  of  con- 
trol. This  attribute  is  shown  wherever  non-striated  muscle  is  to  be 
found.  The  intestine,  like  the  heart,  has  two  beats,  the  first  once  or 
twice  to  the  minute,  which  we  call  peristalsis;  the  second,  12  to  20  times 
to  the  minute,  which  acts  as  the  heart  of  the  portal  circulation  (Mall). 
The  spleen  has  what  might  be  called  a  beat  which  consists  of  an  enlarge- 
ment following  food  intake,  with  a  gradual  resumption  of  its  normal  size 
after  several  hours,  showing  a  definite  connection  with  the  digestive 
function,  which  is  indicated  again  by  the  fact  that  its  blood  supply  b 
from  the  celiac  axis,  the  same  source  of  supply  as  that  of  the  derivatives 
of  the  foregut,  the  stomach,  the  liver,  and  the  pancreas.  Elliott  and 
Kanavel  have  shown  that  the  intramuscular  injection  of  epinephrin 
contracts  the  spleen  one-third  in  size. 
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The  blood  entering  the  spleen  is  peculiar  inasmuch  as  it  comes  in 
direct  contact  with  the  splenic  pulp,  the  smaller  blood-vessels  having 
lost  their  elastic  coats.  This  renders  the  spleen  fragile  and  leads  readily 
to  traumatic  or  spontaneous  rupture,  resulting  in  intraperitoneal  hemor- 
rhage or  hematoma  within  the  splenic  substance.  The  latter  condition 
results  in  cyst,  the  most  common  type  of  tumor  of  the  spleen  (Powers). 
This  peculiarity  of  the  blood-vessels  also  renders  the  spleen  extraordi- 
narily susceptible  to  the  influence  of  radium,  which  acts  with  vigor  on  the 
single  coated  blood-vessels,  non-striated  muscle,  and  the  nuclei  of  cells. 
It  may  be  surmised  that  the  spleen  does  not  possess  an  internal  secre- 
tion of  importance  not  only  because  removal  of  the  normal  organ  does 
not  disturb  the  body  metabolism,  but  also  because  of  its  extremely  limited 
sympathetic  nerve  supply.  It  is  to  be  noted  that  the  organs  of  primary 
internal  secretion  usually  act  through  the  sympathetic  nervous  system. 
The  adrenals  and  the  pituitary  are  so  closely  connected  with  the  chromo- 
phil  system  that  their  union  amounts  almost  to  a  single  organ,  half  sym- 
pathetic and  half  secretory.  Other  organs  like  the  thyroid  (Plummer, 
Kendall),  gonads,  pancreas,  ete.,  which  have  internal  secretion  acting  to 
a  large  extent  through  the  blood-stream,  had  at  one  time  or  still  possess 
an  external  secretion  as  well  as  an  internal.  The  spleen  does  not  prop- 
erly fall  into  either  of  these  categories. 

On  hypothetic  grounds  it  seems  probable  that  the  spleen  develops 
certain  en^mes  which  are  important  to  its  function,  but  it  is  equally 
evident  that  the  function  of  the  spleen  is  shared  by  other  lymphoid  and 
adenoid  structures  in  the  body,  and  that  on  the  removal  of  the  organ 
the  function  is  continued  by  these  collaborating  structures  (Warthin). 

It  has  been  suggested  that  the  spleen  is  a  retrogressing  organ.  The 
outstanding  factor  of  a  retrogressing  organ  is  diminished  blood-supply 
(Eceles).  The  blood-supply  of  the  spleen  is  enormous,  and  it  may  be 
readily  seen  that  a  large  percentage  of  the  blood  of  the  body  passes 
through  the  spleen  every  hour. 

Relations  of  the  Spleen  to  the  Blooo 
The  blood  may  properly  be  termed  a  tissue,  consisting  of  erythro- 
cytes, leukocytes,  and  platelets,  in  which  the  plasma  is  a  fluid  medium 
taking  the  place  of  intracellular  substance.  The  white  blood  is  the  most 
primitive,  derived  from  the  mesenchyme  cell.  The  earliest  heart  was 
possibly  a  lymphatic  heart,  circulating  white  blood,  which  merged  later 
with  the  venous  heart,  leaving  among  other  evidence  the  lymphatic 
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connection  of  the  thoracic  duct  with  the  venous  system.  Animals  which 
have  only  one  kind  of  blood  have  white  blood.  The  fetal  blood  is  pro- 
duced by  the  lymphoid  and  adenoid  structures  of  the  body,  including  the 
liver  and  spleen.  From  this  standpoint,  leukemia  could  be  considered  a 
cancer  of  the  blood  in  which  there  is  an  uncalled-for  production  of  func- 
tionless  white  cells,  just  as  carcinoma  is  due  to  the  unlimited  production 
of  embryonic  epithelial  celb,  and  sarcoma  of  embryonic  connective-tissue 
cells.  The  earliest  blood  discovered  in  the  fetus  is  the  white,  and  the 
red  cells  are  probably  derived  from  the  white  cells.  The  spleen  loses  its 
power  to  produce  red  blood  at  birth  and  the  liver  at  about  the  Sfth  fetal 
month,  but  the  spleen  retains  its  power  for  a  limited  production  of  white 
cells  throughout  life  and  assumes  the  function  of  the  destruction  of  worn- 
out  red  cells,  which  is  shown  by  a  relative  increase  in  the  white  cells  and 
of  hematin  in  the  splenic  veins  over  other  veins  in  the  body. 

When  the  spleen  is  removed  in  certain  enlargements,  as  in  hemolytic 
icterus,  it  is  found  crowded  with  erythrocytes  in  various  stages  of  dis- 
integration and  we  know  that  the  specific  splenic  cells  have  phagocytic 
properties.  Robertson  and  Rous,  in  a  study  of  the  relation  of  the  spleen 
to  the  blood,  have  come  to  the  conclusion  that  fragmented  erythrocytes 
are  not  only  removed  there  but  that  fragmentation  must  take  place  in 
the  spleen.  Normal  fragmentation  depends  on  the  natural  life  of  the 
erythrocytes,  which  has  been  estimated  at  from  ten  to  fourteen  days. 
This  estimation  has  been  made  largely  on  the  assumption  that  biliary 
pigments  are  derived  entirely  from  the  destruction  of  erythrocytes. 
Whipple  and  Hooper,  by  a  series  of  careful  experiments,  throw  consider- 
able doubt  on  the  view  that  the  biliary  pigments  have  no  other  origin 
than  from  destroyed  erythrocytes,  and  it  is  quite  probable  that  the  life 
of  the  red  cell  is  much  longer  than  has  been  estimated.  In  some  of  the 
anemias,  notably  hemolytic  iceterus,  Chauffard  and  Widal  show  that  the 
erythrocytes  circulating  in  the  blood  are  unusually  fragile  and  that  this 
fragility  leads  to  undue  fragmentation  and  destruction  in  the  spleen. 
They  point  out  that  the  enlargement  of  the  spleen  may  be  a  work- 
hypertrophy.  Krumbhaar  believes  that  the  specific  hormone  of  the 
spleen  is  activated  by  passage  through  the  liver,  and  by  a  series  of  in- 
teresting experiments  he  throws  some  light  on  the  relation  of  the  spleen 
to  the  blood  and  to  the  liver.  He  shows  that  there  is  a  certain  amount  of 
anemia  after  splenectomy  and  that  ligation  of  the  splenic  vein  does  not 
cause  necrosis.  This  latter  observation  has  a  bearing  on  the  changes  in 
the  spleen  incident  to  thrombosis  of  the  splenic  vein.     Singular  difficul- 
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ties  confroQt  the  surgeon  in  experimental  work  in  his  attempts  to  solve 
these  problems.  Not  the  least  of  these  diffioulties  is  the  fact  that  the 
experimentation  on  animals  is  on  the  normal  spleen. 

Relation  of  the  Spleen  to  the  Ln-ER 
The  liver  is  the  great  organ  of  (defense.  Its  extreme  importance  is 
shown  in  the  fact  that  it  is  one  of  the  few  organs  which  has  the  power  of 
regeneration.  We  know  that  the  liver  destroys  bacteria  and  protozoa 
and  detoxicatcs  poisons,  both  biologic  and  chemical,  which  are  brought 
to  it  from  the  portal  circulation.  The  liver  bears  the  most  important 
relations  to  bodily  metabolism,  especially  to  the  formation  of  sugars 
from  carbohydrates  and  the  development  of  amino-acids  from  proteins. 
It  receives  through  the  portal  vein  all  the  nutritive  material  derived  from 
food  through  the  gastro mesenteric  system,  and  also  the  nutritive  values 
in  the  material  which  the  spleen  obtains  from  the  blood. 

The  diseases  of  the  liver  are  little  understood,  and  while  a  vast 
amount  of  work  has  been  done,  the  nature  of  its  metabolic  activities  is 
to  some  extent  a  matter  of  conjecture.  Among  its  most  important  dis- 
eases are  those  which  result  from  the  intrahepatic  development  of  con- 
nective tissue,  causing  cirrhosis,  a  process  which  may  be  wide-spread  or 
localized.  The  cirrhotic  liver  may  be  and  is  enlarged  more  often  than 
we  are  led  to  think  because  of  our  more  complete  understanding  of  the 
alcoholic  cirrhosis  of  the  Laennec  type,  the  so-called  hobnail  or  gin  liver. 
Yet  there  is  no  fundamental  difference  between  the  atrophic  cirrhosis 
and  the  hypertrophic  cirrhosis  of  the  beer  drinker  in  which  fatty  tissue 
smoothes  out  the  connective-tissue  contractions  and  increases  bulk. 
The  cirrhosis  secondary  to  splenic  disease,  if  portal,  is  of  the  atrophic  or 
hobnail  type,  showing  that  the  cause  concerns  protein,  not  fat  metabol- 
ism. In  biliary  cirrhosis,  on  the  contrary,  the  liver  is  always  enlarged. 
Three  types  of  hepatic  cirrhosis  stand  out  prominently^ — the  toxic, 
represented  by  the  alcoholic  porta)  cirrhosis;  the  protozoal,  of  which 
^philitic  cirrhosis  is  representative,  and  the  bacterial,  of  which  biliaty 
cirrhosis  from  common-duet  infections  is  a  type.  In  the  portal  cirrhosis 
the  connective  tissue  is  related  to  the  portal  venous  system  and  ascites  is 
an  early  manifestation,  while  jaundice  is  a  late  one.  In  biliary  cirrhosis 
the  connective  tissue  is  associated  with  the  biliary  canals,  jaundice  is  an 
early  manifestation,  and  ascites  a  late  one.  Biliary  cirrhosis  is  even  less 
well  understood  than  the  portal  type,  and  there  are  various  subdivisions, 
such  as  the  pigmentary  (hemochromatosis)  and  the  so-called  Hanoi's 
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cirrhosis;  the  latter  designation  evidently  includes  cases  of  hemolytic 
icterus  and  serves  only  still  further  to  confuse  the  issue. 

Nature,  in  dealing  with  poisonous  substances  within  the  body  in  a 
general  way,  employs  two  methods:  (1)  Detoxication  and  elimination, 
and  (2)  encapsulation.  Portal  cirrhosis  may  be  looked  on  as  failure  to 
detoxicate  and  eliminate  certain  diffuse  poisons,  and  eventually  there  is 
an  attempt  at  encapsulation  of  the  noxious  agents,  resulting  in  the  in- 
troduction of  connective  tissue  about  the  portal  radicals.  The  enlarge- 
ment of  the  spleen,  which  so  often  accompanies  portal  cirrhosis,  suggests 
that  the  primary  source  of  these  poisons  may  be  in  the  spleen,  and  in 
some  cases  of  portal  cirrhosis  in  which  we  have  removed  the  enlarged 
spleen  the  results  justify  the  presumption.  In  Banti's  syndrome  the 
portal  cirrhosis  is  a  late  stage  of  splenic  anemia,  and  even  in  advanced 
disease  the  removal  of  the  spleen  often  cures,  the  liver  regenerating  to  a 
marked  degree.  In  portal  cirrhosis  supposed  to  be  primary,  the  spleen 
may  be  enlarged  to  a  considerable  extent  without  being  manifest  until 
a  late  stage.  Sometimes  it  is  a  moot  question  whether  the  liver  or  the 
spleen  was  first  affected — all  going  to  show  how  little  we  know  about  the 
whole  subject. 

The  biliary  cirrhoses,  in  many  cases  at  least,  have  their  origin  in  in- 
fections in  the  common  duct,  associated  with  gallstone  disease.  In  such 
cases  the  spleen  may  or  may  not  show  great  enlargement.  In  other 
cases  in  which  no  such  infection  exists  in  the  common  duct  the  spleen 
may  be  found  to  be  very  large  and  suggests  the  possibility  that  it  has 
carried  to  the  liver  toxic  materials  which  have  safely  passed  through  the 
portal  side,  but  have  exercised  a  large  influence  on  the  hepatic  cells  and 
the  smaller  bile-ducts.  This  we  know  to  be  the  fact  in  connection  with 
hemolytic  icterus,  as  the  removal  of  the  spleen  promptly  relieves  the 
jaundice.  The  enlarged  liver  thus  may  not  be  a  true  biliary  cirrhosis, 
as  we  had  thought,  but  possibly  in  part  at  least  an  excess  of  function 
causing  hepatic  hypertrophy  as  well  as  cirrhosis  in  the  attempt  to  care 
for  the  erythrocytic  debris  destroyed  in  the  spleen  and  carried  to  the 
liver  by  the  portal  vein. 

Relation  of  the  Spleen  to  Bacteria  and  Protozoa 

Not  infrequently  living  organisms  are  introduced  into  the  human 

economy,  and  such  introduction  initiates  bodily  resistance.     Vaughan 

has  pointed  out  that  a  patient  has  typhoid  during  the  prodromal  period, 

but  that  which  we  call  typhoid  is  nature's  defense  manifestation.     Pre- 
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ventive  serums,  such  as  vaccination  for  smallpox,  typhoid,  etc.,  act  to 
educate  the  cells  of  the  body  to  resistance.  It  is  probably  true  that  at 
times  organssuch  as  the  tonsils,  which  permit  bacteria  to  enter  the  blood- 
stream, are  acting  as  immunizing  agents,  allowing  the  early  introduction 
of  a  few  bacteria  which  act  to  cure  rather  than  to  cause  the  disease. 
Phagocytes  may  be  considered  educated  defense  cells  ready  to  engulf 
bacteria  on  contact  and  perhaps  depend  on  bacteria  for  their  nourish- 
ment. In  typhoid  fever  the  spleen  becomes  enlarged  as  a  result  of  its 
straining  function.  The  accumulated  bacteria  which  have  been  strained 
out  of  the  blood  are  sent  to  the  liver  for  destruction.  A  failure  in  elimi- 
nation of  the  bacteria  from  the  spleen  to  the  liver  may  result  in  multiple 
or  single  abscesses  containing  pure  culture  of  typhoid  bacillus.  We  have 
operated  in  several  such  cases. 

Enlargements  of  the  spleen  from  chronic  sepsis  are  not  uncommon 
and  may  act  as  secondary  distributing  centers  of  infections.  Focal  in- 
fectious in  various  parts  of  the  body  may  act  as  the  primary  source  of 
the  bacterial  invasion.  Septic  endocarditis  is  a  notable  example.  In 
eight  cases  we  have  removed  a  very  large  spleen  showing  the  picture  of 
sepsis — infarcts,  etc.  This  type  of  chronic  splenomegaly  is  most  apt  to 
be  confused  with  splenic  anemia. 

While  tuberculosis  of  the  spleen  is  considered  by  some  observers  as 
never  primary,  this  condition  has  occasionally  constituted  the  only 
known  focus  in  the  body,  and  the  removal  of  such  a  tuberculous  spleen 
has  permanently  ciued  the  patient.  We  have  removed  the  enlarged 
spleen  in  three  instances  for  tuberculosis  supposed  to  be  primary  in  the 
spleen.  One  patient  died  within  the  year  from  tuberculosis  and  we 
must  conclude  that  there  were  other  undiscovered  foci.  The  remaining 
two  patients  have  recovered  and  remain  well. 

Pathogenic  protozoa,  such  as  the  plasmodium  of  malaria,  the  spiro- 
chete of  syphilis,  etc.,  produce  chronic  splenic  enlargements  from  which 
it  may  be  extremely  difficult  to  dislodge  the  organisms.  Jonnesco  and 
others  have  removed  the  spleen  for  the  ague  cake  of  malaria,  but  with 
a  high  mortality.  Newer  and  better  methods  of  quinin  therapy  render 
so  radical  an  operation  unnecessary — at  least  very  seldom  indicated. 

Spirochetal  hibernation  in  the  spleen  is  not  unusual,  and  failure  to 
eradicate  the  disease  by  salvarsan  and  prolonged  mercurial  treatment 
may  result  in  a  syphilitic  spleen  which  permits  not  only  luetic  reinfection 
of  the  body,  but  also  causes  a  high  grade  of  chronic  anemia.  In  four 
cases  of  this  type  removal  of  the  spleen  has  promptly  cured  the  anemia, 
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and  the  lues  has  thereafter  quickly  responded  to  renewed  treatment. 
In  all  these  spleens  either  spirochetes  were  found  or  gummata  in  spleen 
or  liver  were  demonstrated,  showing  again  the  relation  of  the  spleen 
to  hepatic  disease. 

A  very  interesting  question  comes  up  in  this  connection.  Must  all 
the  blood  of  the  body  pass  haphazard  through  the  spleen  in  order  that 
these  various  materials,  bacterial,  protozoal,  cellular,  and  toxic,  shall  be 
strained  out,  or  is  there  a  definite  affinity  in  the  spleen  which  furnishes  an 
attraction  for  such  elements?  Roscnow'a  splendid  experiments  showing 
the  specificity  of  bacteria  and  their  definite  attraction  for  certain  organs 
make  it  seem  probable  that  some  form  of  chemotaxis  attracts  to  the 
spleen  all  these  various  agents. 

The  foregoing  brief  resume  gives  prominence  to  certain  data  which 
tend  to  establish  that: 

1.  Enlargements  of  the  spleen  not  due  to  new  growths  are  associated 
with  definite  pathologic  changes  in  the  blood  and  the  liver. 

2.  The  enlargement  of  the  spleen  is  often  the  result  of  agencies  which 
are  not  primarily  connected  with  the  spleen,  and  in  many  cases  the  sple- 
nomegalia  is  a  work- hypertrophy,  a  secondary,  not  a  primary,  cause  of 
the  disease  with  which  it  is  connected. 

I  have  reviewed  with  some  care  the  results  of  splenectomy  for  the 
relief  of  certain  conditions  with  the  idea  of  establishing  the  value  of  the 
operation.  Dr.  H.  Z.  Giffin,  who  has  taken  the  utmost  interest  in  the 
work,  has  made  a  number  of  clinical  contributions  to  the  subject,  and 
has  aided  me  in  the  review. 

Pernicious  Anemia 

We  have  removed  the  spleen  50  times  for  pernicious  anemia.  In 
each  case  the  diagnosis  was  well  established,  and  the  spleen,  with  four 
exceptions,  was  above  normal  in  weight.  In  some  instances  the  spleen 
was  greatly  enlarged,  weighing  up  to  8330  gm. 

There  has  been  no  definite  relation  between  the  size  of  the  spleen  and 
the  seriousness  of  the  disease,  nor  was  there  any  direct  relationship  be- 
tween the  result  of  the  splenectomy  and  the  size  of  the  spleen  removed. 
This  of  itself  is  a  suspicious  circumstance.  The  benefit  derived  from 
splenectomy,  generally  speaking,  has  followed  the  removal  of  a  definitely 
enlarged  spleen.  The  failure  to  establish  such  relationship  in  pernicious 
anemia,  or  to  connect  with  the  disease  such  gross  and  microscopic 
changes  as  are  to  be  found  in  the  removed  spleens,  would  lead  us  to  ex- 
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pect  only  limited  benefit  rather  than  cure  of  pernicious  anemia  through 
splenectomy.  There  was  temporary  improvement  in  every  case,  but 
following  splenectomy  we  had  some  cases  in  which  the  cord  changes 
progressed  in  spite  of  a  great  improvement  in  the  anemia.  We  have  not 
had  a  patient  who  has  been  cured,  but  all  in  all,  in  about  75  per  cent  of 
the  coses,  the  benefit  might  be  said  to  be  sufficient  to  justify  the  opera- 
tion. In  the  total  number  of  operations  three  patients  in  our  early  ex- 
perience died  from  the  operation;  the  hemoglobin  wa^  under  30  per 
cent,  the  red  cells  were  under  a  million.  These  patients  should  have 
been  transfused  before  operation.  Since  practising  transfusion  in  ad- 
vance of  splenectomy,  when  the  blood  has  seriously  deteriorated,  we 
have  had  no  deaths.  There  were  no  operative  deaths  in  the  last  32 
cases.  In  many  cases  after  initial  improvement  by  transfusion  and 
splenectomy,  relapse  has  taken  place,  followed  again  by  improvement 
after  transfusion.  We  have  carried  some  of  these  patients  along  for 
months  in  fair  health  by  repeated  transfusions;  as  many  as  thirty  have 
been  given  to  a  single  patient.  Following  each  transfusion  there  would 
be  marked  benefit,  with  gradual  depreciation,  until  transfusion  again 
became  necessary.  It  has  been  believed  that  the  introduction  of  new 
blood  stimulates  the  hematopoietic  organs,  and  this  is  probably  the  true 
hypothesis  in  patients  whose  bone-marrow  is  not  too  severely  damaged. 
Yet  it  should  be  noted  that  immediately  after  the  transfusion,  in  certain 
cases,  the  anemia  is  relieved,  the  hemoglobin  brought  up  from  10  to  30 
points,  and  the  red  cells  advanced  appreciably,  only  to  be  followed  by  a 
gradual  decline.  These  are  the  predominantly  myelotoxic  types.  It  is 
an  interesting  conjecture  whether  or  not  the  patient  may  live  on  the 
work  of  transfused  blood  as  well  as  be  stimulated  to  the  formation  of 
new  blood.  A  probable  explanation  is  that  the  life  of  the  red  corpuscles 
is  much  longer  than  we  have  thought,  and  that  the  anemia  returns  in 
proportion  as  this  fresh  aid  is  used  up.  The  significant  blood  changes  in 
pernicious  anemia  that  differentiate  it  from  secondary  anemias  are  the 
changes  in  the  number  and  type  of  the  red  corpuscles  and  in  the  blast 
cells  found  in  the  blood.  The  blast  cells  are  the  mothers  of  the  erythro- 
cytes, and  each  blast  cell  thrown  into  the  blood  represents  a  permanent 
loss  of  blood-making  power.  Therefore,  neither  stimulation  nor  treat- 
ment can  reproduce  that  which  has  been  lost.  The  difficulty  with  the 
whole  subject  of  pernicious  anemia  concerns  the  fact  that  we  do  not 
recognize  the  disease  until  such  vital  and  permanent  changes  as  are  in- 
dicated in  the  actual  loss  of  these  blast  cells  have  taken  place.     It  is 
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even  possible  that  pernicious  anemia,  in  its  beginning,  is  not  a  definite 
entity,  but  that  it  is  a  terminal  change  of  several  conditions  which  we 
have  not  recognized  until  they  have  reached  the  final  stage.  Clinically, 
however,  it  is  a  very  definite  disease  when  both  history  and  blood  picture 
are  developed.  Pernicious  anemia  may  be  called  a  cancer  of  the  red 
cells,  recognized  in  the  hopeless  stage.  When  the  early  histories  of 
patients  with  pernicious  anemia  are  studied,  the  symptomatology  seems 
fairly  clear;  yet  many  patients  are  seen  with  anemias  which  are  sus- 
pected to  be  pernicious  but  which  never  develop  the  true  characteristics 
of  the  disease.  If  pernicious  anemia  is  to  be  cured,  it  must  be  done  be- 
fore permanent  damage  to  the  hematopoietic  organs  has  taken  place. 
It  is  possible  that  certain  types  may  be  cured;  yet  so  firmly  fixed  is  our 
belief  concerning  the  incurability  of  the  disease  that  should  we  have 
patients  cured  by  splenectomy  we  would  be  inclined  to  lift  them  out  of 
the  category  of  pernicious  anemia  and  to  group  them  with  either  hemo- 
lytic icterus  or  splenic  anemia. 

To  sum  up,  splenectomy  has  a.  field  of  usefulness  in  selected  cases  of 
pernicious  anemia,  especially  in  those  showing  a  marked  hemolysis  by 
the  Schneider  duodenal  test  and  evidence  of  slight  bone-marrow  damage. 
The  operation  of  removal  of  the  spleen  for  pernicious  anemia  is  not,  as  a 
rule,  diflicult.  The  spleen  is  only  of  moderate  size,  and  not  very  ad- 
herent. 

Leukemia 

If  there  has  been  any  one  condition  believed  to  be  lion-surgical  and 
incurable,  it  is  sptenomyelogenous  leukemia.  The  theory  has  been  that 
95  per  cent  at  least  of  such  patients  operated  on  would  die  as  a  result  of 
the  operation,  and  that  the  5  per  cent  who  lived  would  not  be  benefited. 
Yet  we  have  long  known  therapeutic  agents  (benzol,  x-ray,  etc.)  which 
would  reduce  the  size  of  the  spleen  and  would  also  improve  the  condition 
of  the  blood ;  and  as  the  size  of  the  spleen  became  reduced,  such  improve- 
ment might  be  expected.  With  the  use  of  radium,  which  could  be  read- 
ily applied  over  the  area  of  the  spleen,  a  vast  change  came  about  in  the 
therapeusis  of  splenomyelogenous  leukemia.  I  do  not  know  of  any 
clinical  experience  that  is  more  striking  than  the  result  which  follows  the 
application  of  radium  over  a  huge  leukemic  spleen.  Many  times  the 
spleen  shrinks  so  greatly  as  to  disappear  below  the  left  costal  margin, 
the  white  blood-corpuscles  drop  from  hundreds  of  thousands  to  under 
10,000.  I  have  seen  a  leukopenia  produced,  the  white  cells  dropping 
from  600,000  to  S,700  in  five  weeks.     Accompanying  this  extraordinary 
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reduction  in  the  size  of  the  spleen  and  reduction  in  the  number  of  white 
cells  an  equally  extraordinary  improvement  in  the  anemia  takes  place, 
and  the  patient  is  marvelously  benefited.  As  the  spleen  gradually  in- 
creases again  in  size  the  white  cells  increase,  the  red  cells  decrease,  and 
the  patient  loses  ground.  It  is  well  to  eliminate  all  our  presumptions 
concerning  this  disease  and  pause  for  a  moment  in  perspective.  Reduce 
the  size  of  the  leukemic  spleen,  and  synchronously  the  white  cells  go 
down,  the  red  cells  come  up,  and  the  patient  improves.  As  the  spleen 
enlarges  the  whites  coqie  up,  the  reds  come  down,  and  the  patient  goes 
down.  Have  we  in  this,  as  in  so  many  other  instances,  allowed  tradition 
to  hamper  progress? 

My  first  experience  in  splenectomy  for  myelogenous  leukemia  was 
with  a  patient  who  came  to  the  Clinic  with  a  greatly  enlarged  spleen,  a 
white  count  of  between  200,000  and  300,000,  and  who  gave  a  history  of 
having  had  the  disease  for  two  years.  There  had  been  very  great  im- 
provement under  x-ray  therapy;  at  otie  time  the  white  cells  were  reduced 
by  it  to  a  point  under  50,000.  but,  as  regularly  happens,  the  x-ray  had 
finally  lost  its  effect,  and  the  patient's  condition  when  examined  was 
worse  than  it  had  been  at  any  former  time.  The  patient  herself  was 
greatly  impressed  with  the  definite  connection  between  her  condition 
and  the  size  of  the  spleen,  and  was  anxious  to  have  it  removed.  I  re- 
moved the  organ,  and  the  patient  made  an  excellent  surgical  recovery. 
Within  ten  days  the  white-cell  count  had  dropped  to  less  than  50,000  and 
the  patient  is  greatly  improved  now,  more  than  one  year  after  the  splen- 
ectomy. 

Based  on  this  experience  we  have,  in  a  number  of  instances,  reduced 
the  size  of  the  spleen  with  radium  until  the  blood  count  approximated 
the  normal,  and  then  removed  the  spleen.  We  have  found  it  inadvis- 
able to  force  an  extreme  reduction  of  the  leukocytes  before  splenectomy. 
If  the  general  condition  of  the  patient  is  good,  a  leukocyte  count  of 
30,000  or  less  is  satisfactory.  All  the  patients  save  two  have  been 
markedly  relieved.  In  the  19  cases  there  were  no  operative  deaths. 
That  these  patients  are  cured  I  cannot  believe,  but  the  experience  has 
been  interesting  and  suggestive. 

Here  again  we  find  ourselves  in  difficulties  not  dissimilar  to  those  in 
connection  with  the  etiology  and  clinical  course  of  pernicious  anemia. 
One  patient  in  our  earlier  experience,  I  remember  well,  had  been  treated 
for  leukemia  during  a  period  of  five  months  in  a  large  and  well-known 
hospital,  and  in  another  for  three  months.  We  diagnosed  the  condition 
'17—M 
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as  splenic  anemia.  The  spleen  was  removed,  the  patient  promptly  re- 
covered, and  has  remained  well  now  for  more  than  five  years.  It  is 
possible  that  we  recognize  leukemia  &s  a  disease  only  after  it  has  reached 
the  hopeless  stage,  a  terminal  condition  of  a  much  more  common  though 
unrecognized  malady.  It  is  questionable  whether  all  the  cases  of  spleno- 
myelogenous  leukemia  advance  to  the  point  where  they  are  recognized 
as  leukemia.  These  are  interesting  problems  which  cannot  now  be 
answered.  Leukemia  may  be  called  a  cancer  of  the  white  blood,  recog- 
nized in  the  hopeless  stage.  The  leukemic  spleen  is  not  adherent,  as  a 
rule,  and  after  reduction  in  size  by  radium  is  readily  removed. 

Hemolytic  Icterus 

We  have  performed  splenectomy  19  times  for  hemolytic  icterus. 
The  results  have  been  astonishingly  good.  I  do  not  know  of  an  opera- 
tion giving  more  gratifying  results.  The  jaundice  which  the  patient  has 
had  for  perhaps  years  will  be  pCTceptibly  less  in  forty-eight  hours,  and 
within  four  days  will  have  quite  disappeared.  Sixty  per  cent  of  these 
patients  have  complicating  gallstones,  apparently  due  to  the  greatly 
thickened  bile,  the  result  of  pigments  derived  from  the  disintegrated 
erythrocytes.  There  are  two  types  of  hemolytic  icterus,  the  familial  or 
congenital  type  of  Minkowski  and  the  acquired  type  of  Hayem  and 
Widal.  In  the  familial  type  several  members  of  the  same  family  may 
be  affected,  and  possibly  it  may  be  found  through  several  generations. 
As  a  rule,  it  is  less  serious  than  the  acquired  variety.  Although  never 
robust,  many  times  those  affected  with  familial  hemolytic  icterus  will 
live  out  a  normal  life  expectancy.  The  acquired  type  is  much  more 
serious,  and  ends,  as  a  rule,  in  death  from  some  intercurrent  malady 
after  years  of  chronic  semi-invalidism. 

The  outstanding  features  of  hemolytic  icterus  are  the  enlarged  spleen, 
the  more  or  less  enlarged  liver,  and  chronic  recurring  jaundice,  without 
gross  obstruction  in  the  bile-ducts.  Bile  is  always  to  be  found  in  the 
stool.  Inasmuch  as  a  high  percentage  of  these  patients  have  complicating 
galbtones,  they  may  have  an  increase  of  jaundice  due  to  a  secondary  in- 
fection from  gallstones,  varying  the  syndrome  and  introducing  diagnostic 
difficulties.  These  patients  all  show  marked  anemia,  and  usually  etiaes 
more  or  less  serious  develop  in  which  there  is  pain  over  the  region  of  the 
liver  and  spleen,  with  malaise,  some  increase  of  temperature,  and  an 
increase  of  jaundice.  Chauffard  and  Widal  have  pointed  out  the 
diagnostic  phenomena  of  increased  fragility  of  the  erythrocyte,  which 
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is  practically  constant.  Splenectomy,  as  a  rule,  is  not  difficult  in  these 
cases,  for  although  the  spleen  may  be  quite  large  it  is  seldom  adherent 
to  a  marked  degree.  There  was  but  one  operative  death  in  our  series. 
This  patient  was  operated  on  during  a  crisis,  and  death  probably  would 
not  have  occurred  had  the  operation  been  performed  in  the  interval 
between  crises. 

Biliary  Cirrhosis 
Hemolytic  jaundice  is  often  confused  with  certain  types  of  non- 
infective  biliary  cirrhosis,  and  especially  with  the  so-called  Hanoi's 
cirrhosis.  We  have  removed  the  spleen  four  times  for  biliary  cirrhosis, 
which  could  not  be  properly  classified  as  hemolytic  jaundice.  All  the 
patients  were  above  thirty  years  of  age.  Were  it  not  for  the  age,  the 
cases  could  be  called  Hanot's  cirrhosis.  The  results  in  three  were  very 
satisfactory.  The  jaundice  disappeared  to  a  large  extent,  and  the 
patients  were  able  to  return  to  work;  but  in  all  the  liver  remained  large. 
The  operation  of  splenectomy  for  biliary  cirrhosis  is  somewhat  trouble- 
some and  difficult — more  so  than  in  hemolytic  icterus.  In  our  cases 
the  spleen  was  large  and  there  were  many  adhesions.  In  two  the  liver 
was  sufficiently  large  to  interfere  mechanically  with  the  operation. 

Splenic  Anemia 

Osier  was  one  of  the  first  to  describe  splenic  anemia,  and  his  classic 
contributions,  coming  as  they  did  at  an  early  time,  created  a  great  and 
lasting  interest  in  the  condition.  Splenic  anemia  is  at  least  a  clinical 
entity,  but  has  been  confused  with  many  varieties  of  splenomegalias, 
syphilitic,  septic,  malarial,  hemolytic  jaundice,  pernicious  anemia,  etc. 
Little  by  little  an  irreducible  minimum  is  being  reached  and  a  definite 
type  established.  The  patients  having  large  spleens  develop  a  pro- 
gressive anemia  and  cirrhosis  of  the  liver  as  a  terminal  condition  to 
which  Banti's  name  has  been  given. 

The  course  of  splenic  anemia  is  chronic.  There  may  be  intervals  of 
years  in  which  the  patient  enjoys  a  fair  degree  of  health,  but  eventually 
it  leads  to  a  fatal  issue,  the  debilitated  patients  succumbing  to  inter- 
current disease. 

Hemorrhages  from  the  stomach  are  of  frequent  occurrence  in  splenic 
anemia,  and  sometimes  hemorrhage  is  the  first  symptom  that  may  be 
noted.  The  hemorrhages  are  probably  gastrotoxic  in  origin,  and  while, 
as  a  rule,  fatal  hemorrhage  does  not  result,  frequent,  recurring  hemor- 
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rhages  cause  great  debility.  The  gastric  hemorrhage  of  splenic  anemia 
is  a  symptom  well  worthy  of  attention.  It  is  not  different  from  that 
which  occurs  in  connectioa  with  hepatic  cirrhosis,  and  it  is  altogether 
probable  that  many  of  the  unexplained  hemorrhages  from  the  stomach 
in  which  no  local  lesion  of  the  gastric  mucosa  is  to  be  found  are  a  result 
of  the  toxic  condition  which  precedes,  accompanies,  or  is  caused  by 
splenic  anemia  and  cirrhosis  of  the  liver.  Balfour,  in  a  paper  on  the 
causes  of  gastric  hemorrhage,  calls  special  attention  to  the  relationship 
of  the  spleen  and  liver  to  the  bleeding.  In  gastric  hemorrhage  we  must 
think  of  the  spleen  and  the  liver  as  causative  factors,  just  as  in  the 
differentiation  of  the  causes  of  jaundice  the  spleen  must  be  thought  of 
as  well  as  the  liver.  Warthin  and  others  have  found  that  many  cases 
of  splenic  anemia  show  thrombosis  of  the  splenic  vein  after  death,  and 
they  believe  that  the  thrombosis  is  the  cause  of  the  splenic  condition. 
In  one  of  our  patients  who  died  the  cause  of  death  was  found  to  be  due 
to  long-standing  splenic  and  portal  thrombosis.  The  final  catastrophe 
was  brought  about  by  thrombosis  of  the  superior  mesenteric  vein.  It 
may  be  contended  that  splenomegaly  associated  with  splenic,  portal,  or 
mesenteric  thrombosis  (one  or  all)  would  be  better  grouped  with  infec- 
tious splenomegaly  (probably  streptococcal)  rather  than  with  true 
splenic  anemia. 

The  pseudoleukemia  of  infants  described  by  von  Jaksch  is  closely 
associated,  if  not  identical,  with  splenic  anemia,  but  because  of  the 
hematopoietic  variability  of  infancy  is  often  accompanied  by  a  high 
white  cell  count.  Such  cases  are  usually  to  be  relieved  by  dietetic 
management,  but  the  spleen  has  been  removed  with  prompt  and  striking 
improvement.  Balfour  splenectomized  a  two  and  a  half  year  old  child 
presenting  the  complete  picture  of  splenic  anemia. 

Splenic  anemia  is  cured  by  splenectomy  in  a  high  percentage  of  cases, 
and  it  should  be  performed  before  portal  cirrhosis  or  thrombosis  of  the 
splenic  vein  occurs.  The  spleen  is  usually  large  and,  as  a  rule,  extremely 
adherent,  and  the  operation  is  more  difficult  and  dangerous  than  in  any 
of  the  various  other  diseases  for  which  splenectomy  is  indicated.  In 
43  splenectomies  for  splenic  anemia  we  have  lost  4  patients. 

Clinically,  patients  with  enlargements  of  the  spleen  are  to  be  seen 
in  whom  the  enlargement  is  apparently  not  producing  symptoms,  but 
these  cases  should  be  looked  on  as  incipient  splenic  anemia.  Such 
causeless  splenomegalias  as  I  have  had  opportunity  to  observe  have 
eventually  led  to  marked  secondary  anemia,  although  perhaps  for  years 
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showing  little  effect  on  the  patient's  health.  I  have  seen  no  good  and 
much  harm  come  from  chronic  splenomegalia,  and,  other  things  being 
equal,  such  spleens  should  be  removed  on  general  principles. 

Portal  Cirrhosis 

The  portal  cirrhosis  of  the  liver  which  so  frequently  accompanies  the 
later  stages  of  splenic  anemia  has  led  us  to  remove  the  spleen  in  5  cases 
of  primary  portal  cirrhosis  in  which  there  was  enlargement  of  the  spleen. 
The  results  on  the  whole  have  been  gratifying,  although  one  patient  died 
following  the  operation.  The  remaining  four  are  in  satisfactory  con- 
dition. For  those  portal  cirrhoaes  with  enlarged  spleen  which  occur 
especially  in  young  adults  without  alcoholic  history,  splenectomy  would 
appear  to  be  indicated.  As  a  matter  of  fact  in  cases  of  this  description 
do  we  not  classify  as  primary  portal  cirrhosis  those  in  which  the  liver 
condition  is  discovered  first?  If  the  splenic  enlargement  is  first  observed, 
we  call  it  splenic  anemia  with  portal  cirrhosis. 

The  technic  of  splenectomy  I  will  not  dwell  on.  Those  who  are 
interested  I  would  refer  to  the  article  by  Balfour,  "The  Technique  of 
Splenectomy." 

BIBUOGRAPHY 

1.  Ballour.D.  C:  SpleiwcUimy  fot  npeated  gttatro-iDteatinBl  betDorrbagea.     Ann.Surg., 

1917,  Ixv,  8»~94. 

The  Technique  of  Splent 

2.  Ctuuffard,  A.:    Patliogini' 

ixvii,  25-49. 

Leg  ictires  hfmolytiques,  Und..  1908.  iiviii.  49-58. 

Chol^ithlase  pigmentaire  dans  un  caa  d'ict^  congenital  btoolytique;   analyje 
chteiique  do  calculs.     Bull,  et  m^.  Soc.  mfd.  d.  hflp.  de  Far.,  1912,  xxxiv,  80. 

3.  Cujhay,  A.  R.;  Tbe  secretion  ot  urine.     Loud.,  Longnmna,  1917.  241  p. 

4.  Bccles,  R.  G.:   The  tonails  and  the  struggle  lor  existence.     Medical  Record,  19Ifi, 

hxxviii,  47-56. 

5.  EUiott,C.  A.,aDd  Kajiavet,  A.  B.:  Splenectomy  for  hemolytic  icterus.   Surg.,  Gy nee. 

and  Obst..  1915,  xxi,  21-37. 
0.  Giffin,  H,Z.:  Splenectomy  for  splenic  anemia  in  childhood  and  tor  the  splenic  anemia 

of  infancy.     Ann.  Surg.,  1915,  l(ii.  6T9-ti87. 

The  treatment  by  splenectomy  ot  splenomegaly  with  anemia  assodated  with  syph- 
ilis.    Am.  Jour.  Med.  Sc..  I9I6,  clii,  5-16. 

A  report  on  the  treatment  of  pernicious  anemia  by  transfusion  and  splenectomy. 
Jour.  Am.  Med.  Assn.,  1917,  b[\iii,  429-432. 

Henwlytic  jaundice:  A  review  of  seventeen  cases.     Surg,,  Gynec.  and  Obst.,  1917, 
nv,  162-181. 

Observations  on  the  treatment  of  myelocytic  leukemia  by  radium.     Boston  Med. 
and  Surg.  Jour.,  1917,  clxxvii.  080-691. 

7.  Hanot,  V.:    Etude  sur  une  forme  de  cirrhose  hypertrophique   du  foie    (drrhose 

hypertrophique  avec  ict^  cbronique).     Paris,  1875,  155  p. 

8.  Hayem.   G.:    VariA6   particuliire   dictjre   infectieux   cbronique   splenom^galique. 

fteste  raid..  1898,  i.  181-125. 

Nouvelle  contribution  a  I'ict^  infectieux  chronique  splenom^ahque.     Bull,  et 

taia.  Soc.  mid.  d.  hfip.  de  Par..  1S08.  xxv,  122. 
Quoted  by  Krumbhaar,  E.  B.:    A  classification  and  analysis  of  clinical  types  of 

iplentmi^Bly  accompanied  by  anemia.    Am.  Jour.  Med.  Sc.,  1915,  cli.  227-345. 


c,  Google 


374  W.  J.  MAYO 

S.  Jonuesco,  T.:    Splenectomie  pour  hypertraphie  malarique.     Bull,  et  miai.  Soc.  de 
chir.  de  Bucarest,  1901-1902,  iv,  S8. 

10.  Keith.  A.:  A  new  theory  of  the  causation  of  enterostasis.     Lancet,  1915,  ii,  371-37S. 

11.  Knimbhaar,  E.  B.,  Muaser,  J.  H,  Jr.,  andPeet.  M.  M.:  Chauses  in  the  blood  follow- 

inE  divenioQof  the  aplenic  blood  from  the  ]i\'er.    A  control  atudy  of  the  effects  ol 
splenectomy.     Jour.  Eiper.  Med.,  1918,  xxiii,  87-95. 

15.  Mall.  F.:   A  study  of  intestinal  contraction.    Johns  Hopkins  Hosp.  Repts.,  1806,  i, 

37-75. 

13,  Minkowski:   Cber  einem  herediUrischen,  unter  dem  Biid  eines  chroniscben  Icterus 

mit  Urobilinuiie.  Splenomegalie,  und  Nien^nsiderosis  verlaufende  Affection.    Ver- 
band],  d.  deut.  Cong.  t.  inn.  Med.,  1900,  xviii.  316. 

14.  Osier,  W.:  On  splenic  anemia.    Am.  Jour.  Med.  Sc.,  IBOO,  cm,  fi4-79. 

IJi.  Powers,  C.  A.:  Non-parssitic  cysts  of  the  spleen.     Ann.  Surg.,  1900,  xliii,  48-60. 

16.  RoBenow,  E.  C:   Elective  localization  of  streptococci.    Jour.  Am.  Med.  Assn.,  ISIS, 

Uv,  1687-1891. 

Elective  localization  of  bacteria  in  diseases  of  the  nervous  system.    Jour.  Am.  Med. 
Assn.,  1916,  Ixvii,  068-665. 

17.  Rous,  Peyton,  and  Robertson,  O.  H.:  The  normal  fate  of  erythrocytes.     Jour,  Exper. 

Med.,  1917,  XIV,  851-86S;    864-67S. 

18.  Vaughan,  V.  C.;  Infection  and  inimumty.     Jour.  .4m.  Med.  Assn.,  1913,  p.  16*. 

19.  Warthin,  A.  S.:  The  changes  produced  in  the  hemolymph  glands  of  the  sheep  and  goat 

by  splenectomy.     Contrib.  Med.  Research  (Vaughan).  Ann  Arbor,  1903,  ei6-«36, 
W.  Whipple,  G.  H.,  and  Hooper,  C.  W.:  Bile  pigment  metabolism.    Am.  Jour.  Physiol., 

1916,  xl,  332,  348:  349-359:   1917.  ilii.  256-263;  264-279:  544-^57. 
21.  Widal,  F.,  Abrami,  P.,  and  Brule,  M.:     Differenciation  de  plusieurs  types  d'ict^s 

h^olytiques.     Presse  mM.,  1907,  xv,  641-644.    Quoted  by  Elliott  and  Kansvel, 

loe.eii. 


ey  Google 


SURGERY  OF  THE  SPLEEN* 

D.    C.    BALFOUR 


The  spleen  is  unique  in  that  it  is  a  promioent  and  predominating 
factor  in  a  very  large  number  of  blood  dyscrasias  and  other  pathologic 
processes  and  clinical  entities.  Its  extensive  rdle  has  produced  during 
the  past  decade  a  most  voluminous  literature.  In  reviewing  this  litera- 
ture, it  was  found  necessary  to  omit  detailed  reference  to  many  isolated 
case  reports,  which  though  valuable  from  a  statistical  standpoint,  were 
not  essential  to  the  purpose  of  this  review. 

Historically,  splenic  surgery  is  of  unusual  interest  (Knimbhaar,'* 
Carstens,  and  others).  The  statement  has  been  repeatedly  made  that 
in  ancient  times  the  spleen  was  removed  from  athletes  to  improve  their 
running,  and  although  this  may  be  doubted,  Krumbhaar  states  that 
Aristotle  suspected  that  the  spleen  was  not  indispensable  to  life.  There 
seems  at  least  to  be  no  doubt  that  the  spleen  was  successfully  removed 
from  dogs  and  other  animals  as  early  as  1500,  and  it  was  common  knowl- 
edge at  that  time  that  animals  would  live  in  good  condition  following 
removal  of  the  organ.  Zaccarelli  in  1549  claimed  to  have  removed  a 
spleen  from  a  patient  with  satisfactory  results,  but  most  writers  of  that 
period  do  not  credit  the  story.  Well- authenticated  cases,  however,  are 
recorded  in  the  seventeenth  century  (Clarke,  Matthia).  Browne  in  1814 
reported  probably  the  earliest  splenectomy  in  this  country  and  the 
patient  was  living  in  good  health  several  months  later.  From  that  time 
splenectomy  has  been  performed  with  increasing  frequency,  but  until 
the  last  decade  any  intelligent  classification  of  the  conditions  which 
called  for  splenectomy  had  not  been  possible.  One  must  admire  the 
courage  and  the  progressive  spirit  of  those  who,  before  methods  of 
determining  the  blood-picture  were  known,  and  in  spite  of  the  prevaiUng 
opinion  that  the  operation  was  justified  only  in  cases  of  serious  injury 
with  prolapse  of  the  organ,  performed  splenectomies  in  patients  with 
splenomegaly  and  constitutional  disturbances  (Quittenbaum,  Spencer 
'Reprinted  from  Intemat.  Abstr.  Surg.,  1918,  xxvi,  1-15. 
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Wells,"'  and  others).  The  surgery  of  the  spleen  was  tremendously 
stimulated  by  the  epoch-making  communication  of  Banti*  in  1801 
describing  the  disease  which  bears  his  name.  Splenectomy  has  been 
at  one  time  or  other  advocated  in  a  wide  variety  of  diseases  and  con- 
ditions and  it  will  be  necessary  for  the  specific  purpose  of  this  review  to 
classify  these  conditions  as  follows : 

1.  Anatomic  anomaiies  and  injuries: 

(a)  Malposition  and  maltormation. 

(b)  Traumatism. 

(c)  Accessory  spleens. 

2.  Tumors,  cysts,  etc..  and  new-growths: 

(a)  Abscess. 
ib)  Angioma. 

(b)  Cysts: 

(1)  Simple, 
(i)  Dennmd. 
(S)  Hydatid. 

(d)  Saicoma  and  carcinoma. 

3.  Chronic  splenomegaly  occuiring  in  diseases  of  bacterial  or  prototoan  origiD: 

(a)  Tuberculosis. 

(b)  Syphilis. 

(c)  Malaria. 

4.  Diseases  in  which  the  spleen  has  been  proved  to  be  the  controlliiig  etiologic  factor: 

(a)  Splenic  anemia : 

AduIU. 

Children. 
{b)   Hemolytic  jaundice: 

Congenital  and  familial. 

Acquired. 

5.  Conditions  with  which  the  spleen  is  intimately  associated  primarily  or  secondarily : 

(a)  Hepatic  drrhoMS. 

(6)  Gastro-intestinal  hemorrhage  of  unknown  cause. 

(e)  Thrombophlebitis  ot  splenic  and  portal  veins. 
0.  Pnmary  endotbelioma  of  the  spleen. 

(a)  Gaucher'a  disease. 

7.  Diseaaes  of  the  blood  and  the  blood-forming  orgMis: 
(o)  Pernicious  anemia. 

(b)  Splenomedullsjy  leukemia. 
S.  Unclassified  splenomegaly : 

(a)  Idiopathic  splenomegaly. 

(b)  Chronic  septic  spleen. 


Malposition,  Malformation,  and  Tbaumatism 
Malposition  and  traumatism  have  been,  during  modern  times,  the 
indications  for  the  only  operative  procedures  other  than  splenectomy 
in  surgery  of  the  spleen,  although  Mayo"  and  Troell  have  suggested 
the  possible  value  of  ligation  of  the  splenic  vessels  as  a  substitute  for 
splenectomy  in  other  than  these  conditions.  EfiForts  have  been  made, 
for  example,  to  relieve  the  symptoms  produced  by  very  mobile  spleens 
by  ligating  the  splenic  pedicle  (Lanz^),  although  in  the  majority  of  such 
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cases  splenectomy  has  been  chosen.  McDonald  and  Mackay  reported 
acute  torsion  of  the  pedicle  of  a  movable  spleen  requiring  urgent  opera- 
tion for  the  relief  of  the  symptoms.  In  many  cases  of  left-sided  dia- 
phragmatic hernia  the  spleen  is  to  be  found  in  the  cavity  of  the  chest 
and  in  chronic  cases  is  often  firmly  adherent  (LeConte,  Green,  Balfour^). 

It  is  important  to  remember  that  a  movable  spleen  can  be  and  has 
been  mistaken  for  almost  every  other  type  of  pelvic,  abdominal,  and 
kidney  tumor,  and  vice  versa. 

In  traumatism  there  has  been  a  choice,  depending  upon  the  extent 
of  the  injury,  between  tampona^,  suture,  splenectomy,  or  exploration 
only,  if  the  hemorrhage  has  ceased.  Some  important  observations 
have  been  made  during  the  present  war  as  to  the  seriousness  of  injuries 
to  the  spleen.  Webb  and  Milligan  state  that,  although  splenectomy 
has  been  looked  upon  as  an  operation  of  high  risk  in  connection  with 
gunshot  wounds  of  the  spleen,  their  own  experience  in  some  30  cases  in 
which  the  mortality  was  75  per  cent  showed  that  death  occurred  in  those 
cases  in  which  other  organs  than  the  spleen  were  also  injured  and  that 
in  their  cases  of  injured  spleen  alone  the  rate  of  recovery  was  very  high. 
The  frequency  with  which  the  spleen  was  injured,  in  the  experience  of 
Wallace,  was  54  times  in  965  abdominal  operations.  In  38  instances  it 
was  the  only  organ  injured.  The  mortality  in  this  group  was  50  per  cent 
in  uncomplicated  cases;  63  per  cent  in  complicated  cases.  He  recom- 
mends excision  only  if  the  organ  is  totally  disrupted  or  the  vessels  torn. 
If  hemorrhage  has  ceased,  it  is  better  to  leave  the  organ  alone. 

Many  cases  of  spontaneous  rupture  have  been  reported.  Cannaday 
quotes  Senator  and  Litten  as  saying  that  the  chief  causes  are  trauma 
and  malaria,  but  the  accident  may  occur  also  in  typhus,  typhoid,  infarcts, 
pregnancy,  hemophilia,  and  tuberculosis.  Willis  quotes  Johnson  and 
Berger  as  giving  the  operative  mortality  as  25  per  cent  and  the  non- 
operative  as  90  per  cent.  He  cites  Johnson  and  Fauntleroy  as  men- 
tioning pain  in  the  left  shoulder  as  a  diagnostic  point. 

Malformation  is  of  anatomic  interest  only. 

AccEssoRT  Spleens 
Accessory  spleens  have  a  very  minor  importance  surgically,  although 
Alexander  and  Romanes  report  an  accessory  spleen  causing  acute  abdom- 
inal pain  due  to  torsion  of  the  omentum.  The  fact  that  accessory 
spleens  are  frequently  present  (11  per  cent  of  all  necropsies,  Adami  and 
Nicholls)  and  that  they  undergo  enlargement  after  splenectomy  has 


ey  Google 


been  performed,  perhaps  attaches  some  importaace  to  them  as  regards 
their  influence  in  the  permanency  of  results  obtained  by  splenectomy. 


The  occurrence  of  splenic  abscess  is  not  extremely  rare.  Dege,  in 
1906,  collected  about  80  cases.  Elting,  in  a  recent  review  of  the  subject, 
shows  that  the  majority  of  cases  occur  as  a  sequence  to  acute  infections, 
such  as  typhoid,  malaria,  dysentery,  abscess  of  the  appendix,  salpingitis, 
etc.  A  few  cases  apparently  have  followed  trauma,  and  direct  extension 
from  perforation  of  the  stomach,  or  subphrenic  abscess. 

Various  pyogenic  bacteria  have  been  isolated.  Kuettner  experi- 
mentally produced  abscesses  in  .spleens  of  animals  by  injection  of  bac- 
teria and  oil  into  the  splenic  artery,  into  the  substance  of  the  spleen, 
and  by  traumatizing  splenic  pulp  without  breaking  the  capsule.  Elting 
states  that  the  greater  number  probably  result  from  infarcts. 

The  symptomatology  depends  on  the  location  of  the  abscess.  The 
spleen  is  usually  enlarged.  An  abscess  centrally  located  probably  will 
not  be  associated  with  distinctive  symptoms.  If  the  abscess  is  near 
the  capsule,  however,  pain  may  be  present,  either  spontaneous  or  on 
palpation.  The  fluoroscope  may  demonstrate  restricted  motion  or 
high  position  of  the  diaphragm.  There  may  be  an  associated  pleurisy. 
Fever  is  not  constant.  Federmann  reports  a  case  with  subnormal 
temperature.  Chills  occur  in  many  cases,  and  a  leukocytosis  of  80,000 
to  50,000  is  usual.  Edema  is  seen  over  lower  intercostal  spaces  in  some 
cases.  The  diagnosis  usually  can  be  established  by  aspiration,  from 
which,  Elting  states,  no  bad  effects  have  occurred. 

The  treatment  in  the  majority  of  cases  has  been  splenotomy  and 
splenectomy.  Elting  describes  three  routes  by  which  splenotomy  may 
be  carried  out:  (1)  Transpleural  (for  abscess  of  the  upper  pole  asso- 
ciated with  subphrenic  abscess),  by  resection  of  the  ninth,  tenth,  and 
eleventh  ribs  in  the  posterior  axillary  line;  (8)  abdominal;  and  (3) 
retroperitoneal. 

Prognosis  without  operation  is  bad  (Federmann).  However,  Doeb- 
belin  states  that  small  splenic  abscesses  are  absorbed.  In  87  operated 
cases  there  were  4  deaths — 15  per  cent. 

Cysts  of  the  Spleen 
In  1829  Andral  first  described  a  case  of  cystic  disease  of  the  spleen. 
The  incidence  of  the  condition  may  be  judged  from  the  fact  that  Bircher 
in  1908  collected  in  all  54  cases,  21  of  which  were  found  at  necropsy. 
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Cysts  of  the  spleen  are  usually  classified  as:  (1)  Echinococcus;  (2) 
dermoid;  and  (3)  simple. 

Bryan  and  Fowler,  and  Sherren,  quoting  Thomas,  place  the  occur- 
rence of  echinococcus  cysts  of  the  spleen  at  about  2  per  cent  of  all  cases 
of  echinococcus  infection.  Splenectomy  is  indicated,  and  the  hooklets 
and  scolices  can  be  demonstrated  in  the  cyst  cavity.  Finkebtein  in 
1914  reported  3  cases,  in  2  of  which  splenectomy  was  performed. 

Dermoid  cysts  of  the  spleen  are  exceedingly  rare. 

Simple  cysts  may  be  serous,  hemorrhagic,  or  lymphatic  (Bircher), 
and  the  result  of  trauma  or  occlusion  of  arterioles  from  amyloid  change 
and  ultimate  softening  of  the  parenchyma  (Boettcher).  They  are  more 
frequently  found  in  women  (24  in  38  cases).  Lymphatic  cysts  are 
usually  multiple  and  remain  small.  Hemorrhagic  cysts  are  usually 
single  and  large.  Langhans,  Dowd,  and  others  have  described  an- 
gioma of  the  spleen,  Langhans'  case  being  of  the  pulsating  type,  and 
Dowd's  of  the  cavernous  type.  Boeckelmann  described  a  case  of  mixed 
blood  and  lymphangioma  tons  spleen  in  a  child  of  fifteen  months,  in 
which  excbion  was  performed.  Hemangioma  with  later  a  malignant 
sarcoma-like  growth  has  been  reported  by  Homans,  Theile,  and  others. 
In  190S  Powers  reviewed  31  cases  of  non-parasitic  cysts  of  the  spleen 
collected  from  the  literature  and  reported  one  of  his  own. 

Small  cysts  give  no  symptoms.  In  cases  of  large  cysts  the  spleen  is 
large;  in  some  instances  there  are  sudden  pain  and  fluctuation,  and  pro- 
nounced friction-rub  has  been  noted.  A  preoperative  diagnosis  has 
rarely  been  made.  Splenectomy  has  proved  the  best  operative  pro- 
cedure, although  puncture,  splenotomy,  and  cystectomy  also  have  been 
employed.  Bircher  gives  the  operative  results  in  33  cases  as  follows: 
(I)  Puncture  (by  cautery),  6  cases,  2  deaths;  (2)  incision  and  drainage, 
marsupialization,  9  cases,  I  death  (sepsis) ;  (3)  resection  of  cyst,  4  cases, 
1  death  (ileus);  and  (4)  splenectomy,  15  cases,  no  deaths. 

Sarcoma  ano  Carcinoma  of  the  Spleen 
Jepson  and  Albert,  in  1004,  collected  SI  cases  of  primary  sarcoma  of 
the  spleen  and  reported  the  recovery  of  a  girl  of  fifteen  following  splenec- 
tomy for  a  nodular  sarcomatous  enlargement  of  the  spleen.  Council 
in  1912  collected  4  other  cases  and  added  one  of  his  own.  The  types  of 
sarcoma  which  have  been  recognized  are:  (1)  Fibrosarcoma;  (2)  lym- 
phosarcoma; (3)  small  round-cell  sarcoma;  and  (4)  endothelial-cell 
sarcoma.     There  are  no  characteristic  symptoms  of  primary  sarcoma 
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of  the  spleen.  Pain  has  been  reported  by  some  autbora,  and  a  nodular, 
solid  tumor  is  the  most  significant  sign.  There  are  no  blood  changes  of 
value.     The  increase  in  the  size  of  the  spleen  may  be  very  slow. 

The  only  treatment  is  splenectomy.  Deaver,  Bush,  and  others  have 
referred  to  the  bad  prognosis,  but  apparently  well-authenticated  ca^es 
of  primary  sarcoma  of  the  spleen  permanently  cured  by  splenectomy 
have  been  reported. 

Carcinoma  of  the  spleen  (primary)  is  much  more  rare  in  occurrence 
even  than  primary  sarcoma;  in  fact,  Bush  states  that  most  writers 
agree  that  there  never  has  been  a  convincing  case  of  primary  carcinoma 
of  the  spleen  reported.  Smith  described  a  case  of  metastatic  colloid 
carcinoma  of  the  spleen  secondary  to  malignant  papillomatous  ovarian 
cyst  removed  previously.  No  other  evidence  of  metastasis  could  be 
determined  at  the  time  of  splenectomy,  but  the  patient  died  a  few 
months  later  from  general  carcinomatosis.  The  rarity  also  of  secondarj' 
carcinoma  of  the  spleen  has  been  the  subject  of  much  speculation. 
Chalatow  thinks  the  protective  mechanism  of  the  spleen  is  not  due  to 
anatomic  or  physiologic  factors  but  to  ferments  in  the  spleen.  As 
Holtister  pointed  out,  in  advanced  malignancy  the  spleen  is  usually 
atrophic,  and  this,  in  conjunction  with  the  fact  that  all  infectious  processes 
are  associated  with  more  or  less  enlargement  of  the  spleen,  ar^es 
against  the  infectious  nature  of  cancer. 

TUBEHCULOBIS  OF  THE   SpLEEN 

The  existence  of  tuberculosis  of  the  spleen  without  active  tuberculous 
foci  elsewhere  in  the  body  has  been  doubted,  Bland-Sutton,  for  example, 
believing  that  splenic  tuberculosis  is  always  secondary.  Mayo," 
Halpenny,  and  Franke,  however,  have  reported  cases  in  which  clinical 
examination  could  detect  no  other  foci,  and  in  such  cases  the  condition 
could  be  spoken  of  as  primary  in  the  spleen.  The  spleen  is  frequently 
involved  in  children  dying  of  tuberculosb.  Hamann,  in  a  collection  of 
428  cases  of  tuberculosis  in  children,  found  the  spleen  involved  in  66  per 
cent,  while  in  a  large  series  of  cases  of  tuberculosis  in  adults  splenic 
tuberculosis  was  shown  in  19  per  cent.  Wintemitz  in  1912  collected 
51  cases  of  splenectomy  for  primary  splenic  tuberculosis.  Coley  in  1848 
reported  the  first  case  of  tuberculosis  of  the  spleen  found  at  necropsy, 
and  Monerret  in  1859  reported  another.  Burke  in  1889  was  the  first 
to  remove  the  spleen  for  splenic  tuberculosis. 

An  absolute  diagnosis  of  splenic  tuberculosis  can  rarely  be  made  in 
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the  absence  of  a  clear  history  of  an  active  tuberculous  infection  else- 
where, although  Rendu  and  Widal  in  1899  presented  what  they  believed 
to  be  a  syndrome  characteristic  of  the  disease,  in  which  polycythemia 
without  leukemia  and  cyanosis  was  the  predominating  feature.  Douglas 
and  Eisenbrey  confirm  the  observationa  of  Rendu  and  Widal,  citing  the 
case  of  a  man  with  a  red-cell  count  of  8,800,000  in  which  the  diagnosis 
was  confirmed  by  operation.  This  observation  has  not  had  general 
confirmation,  however,  and  in  the  cases  which  have  come  to  operation 
in  the  Mayo  Clinic  polycythemia  has  not  been  present.  A  dia^osis 
of  splenic  tuberculosis  can  be  justifiably  assumed  in  the  case  of  a  patient 
with  an  otherwise  unexplained  chronic  splenomegaly,  who  has  a  quiescent 
or  active  pulmonary  tuberculosis.  Pain  over  the  enlarged  spleen  may 
be  of  some  significance  in  such  cases.  I  recently  removed  a  tuberculous 
spleen  from  a  patient  in  whom  upper  abdominal  pain,  chiefly  in  the  left 
hypochondrium,  was  a  very  marked  symptom,  and  was  explained  by 
the  operative  findings  of  most  extensive  adhesions  which  completely 
encapsulated  the  spleen. 

Syphilitic  Splenomegaly 

Splenomegaly  is  not  an  uncommon  occurrence  in  early  syphilis.  In 
children,  particularly,  syphilitic  splenomegaly  is  common.  Carpenter 
showing  that  syphilis  is  second  only  to  rickets  as  a  cause  of  splenomegaly 
in  infancy.  Gummatous  aflfection  of  the  spleen  is  rare  both  in  children 
and  adults  (Still). 

Splenectomy  has  been  performed  in  only  a  few  recorded  instances  of 
syphilitic  splenomegaly,  but  the  results  have  been  conclusive  evidence 
that  not  only  may  syphilitic  splenomegaly  occasionally  resist  the  most 
advanced  antisyphilitic  treatment,  but  the  disease  may  be  eradicated 
and  the  blood-picture  brought  to  normal  by  splenectomy  (Coupland, 
Hartwell,  French  and  Turner,  and  Giffin«).  Up  to  July,  1916,  Giffin 
found  only  three  cases  in  the  literature  and  added  three  cases  of  opera- 
tion performed  in  the  Mayo  Clinic.  These  cases  were  characterized  by 
marked  splenomegaly,  anemia,  positive  Wassermanns,  failure  of  improve- 
ment after  antisyphilitic  treatment,  and  treponemes  in  the  walls  of 
splenic  vessels.  They  showed  also  distinct  changes  in  the  li\'er,  and  in 
one,  at  least,  gummas  were  present.  The  results  in  these  few  cases 
seem  to  justify  the  conclusion  that  under  certain  circumstances  syphilitic 
splenomegaly  may  persist  to  the  point  of  causing  a  severe  secondary 
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anemia,  and  if  a  thorough  trial  of  antisyphilitic  measures  is  ineffective, 
splenectomy  should  be  considered. 

Chronic  Mal.arul  Splenomegaly 
The  surgeiy  of  the  chronic  malarial  spleen  apparently  has  very 
limited  indications,  chiefly  because,  as  Osier  pointed  out,  the  spleen 
gradually  becomes  smaller,  although  it  may  take  months  or  even  years. 
There  are  very  few  published  results  of  splenectomy  for  chronic  malarial 
splenomegaly,  although  Finkelstein  advocates  splenectomy  unless  the 
hemoglobin  is  below  30  or  40  per  cent  and  there  are  less  than  2,000,000 
red  blood-corpuscles.  Jonnesco  and  other  surgeons  have  removed  the 
spleen  a  number  of  times  in  such  cases,  with  gratifying  results. 

Splenic  Anemia 

The  name  splenic  anemia  is  applied  to  a  group  of  cases  in  which 
splenomegaly  and  a  leukopenic  anemia  are  the  predominating  featiu'es. 
Splenic  anemia  is  considered  by  many,  and  probably  is,  a  forerunner  of 
Banti's  disease,  although  there  seems  to  be  no  doubt  that  it  may  never 
progress  to  the  stage  described  by  Banti.  As  an  argument  that  the 
two  diseases  are  quite  distinct  this  loses  its  force  when  the  extreme 
chronicity  of  the  disease  is  realized.  Typical  examples  of  early  splenic 
anemia  and  of  Banti's  disease  undoubtedly  show  marked  difference,  for 
Banti's  disease  is  featured  by  many  of  the  symptoms  of  an  atrophic 
cirrhosis;  in  fact,  KruU  denies  Banti's  disease  as  an  entity  and  says  it 
is  a  form  of  Laennec'a  atrophic  cirrhosis,  and  that  the  liver,  not  the 
spleen,  is  responsible  for  the  condition.  Recognizing  this  difference  of 
opinion,  the  weight  of  evidence  supports  the  theory  that  splenic  anemia 
and  Banti's  disease  are  stages  of  the  same  disease,  and  the  subject  will 
be  reviewed  on  that  basis. 

Osier*"  describes  the  disease  as  "an  intoxication  of  unknown  nature 
characterized  by  great  chronicity,  primary  progressive  enlargement  of 
the  spleen,  which  cannot  be  correlated  with  any  known  cause  (primary 
splenomegaly),  anemia  of  a  secondary  type,  with  leukopenia,  a  marked 
tendency  to  hemorrhage,  particularly  from  the  stomach,  and  in  many 
cases  a  terminal  stage  with  cirrhosis  of  the  liver  and  jaundice." 

The  earliest  description  of  the  disease  was  published  in  1866  by 
Gretsel.  In  1871  Wood  added  materially  to  the  subject.  To  Banti,* 
in  1804,  however,  must  be  given  the  credit  for  the  first  classic  description 
of  the  later  stages  of  the  disease. 
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The  frequency  of  the  disease  is  difficult  to  determine.  Many  cases, 
especially  in  the  early  stages,  are  undiagnosed  or  masquerading  as  other 
diseases.  Many  reports  of  individual  cases  are  found  in  the  literature, 
and  especially  since  the  successful  surgical  treatment  has  been  recog- 
nized, the  frequency  of  the  disease  has  been  apparent.  In  the  Mayo 
Clinic  42  patients  have  been  operated  on  up  to  May,  1917,  and  quite 
frequently  cases  are  seen  (particularly  in  children  and  in  the  late  stages 
of  the  disease)  which,  although  quite  possibly  belonging  to  the  splenic 
anemia  group,  cannot  be  positively  classified  as  such. 

The  etiology  of  the  disease  is  not  established.  Many  efforts  to 
isolate  a  microorganism  have  been  made.  Gibson  states  that  the 
parasitic  invasion  of  the  spleen  can  be  shown  by  special  staining  methods 
and  that  the  organism  is  a  streptothrix  which  cannot  be  isolated  in  con- 
ditions other  than  splenic  anemia.  D'Espine  and  others  have  been 
unable  to  confirm  this  finding.  Gibson  believes  that  three  facts  point 
to  an  infective  agent:  (1)  Extirpation  of  the  spleen  cures  or  alleviates; 
(2)  the  disease  is  similar  to  kala-azar;  and  (3)  beneficial  effects  are 
obtained  from  salvarsan.  Rolleston"*  draws  attention  to  the  fact  that 
the  cases  forming  the  basis  of  Gibson's  investigation  were  not  typical 
splenic  anemias,  but  were  complicated  by  various  conditions  which 
could  well  have  been  primary;  for  example,  tuberculosis,  lyphilis,  and 
cardiac  failure.  HoUins  believes  Bacillus  coli  the  only  cause.  He 
considers  that  the  anemia  is  a  hemolytic  type,  and  although  no  broken- 
down  cells  are  found  in  the  spleen,  he  believes  that  the  Bacillus  coli  is 
responsible  for  the  hemolysis.  He  has  shown  that  Bacillus  coli  has  a 
hemolytic  action  on  blood-cells,  and  lists  several  of  the  diseases  which 
may  be  produced  by  it.  As  corroborative  evidence  he  quotes  Adami 
to  the  effect  that  Bacillus  coli  is  occasionally  the  cause  of  hepatic  cir- 
rhosis. Warthin,  believing  that  splenic  anemia  and  Banti's  disease  are 
not  entities,  states  that  in  all  the  cases  he  examined  he  found  a  thrombo- 
phlebitis of  the  portal  and  splenic  veins,  and  concludes  that  this  is  the 
primary  condition.  This  theory  has  not  been  largely  supported  by 
others,  although  an  apparently  identical  syndrome  can  be  brought  about 
by  portal  or  splenic  thrombosis  (Eklens,  Goldmann,  Krumbhaar^). 
Ledingham  speaks  of  a  traumatic  factor.  Banti's  own  views  were  that 
the  spleen  was  responsible  because  he  always  found  splenic  enlargement 
preceding  the  anemia,  because  he  noted  certain  changes  in  the  spleen 
itself,  and  because  of  the  therapeutic  effects  of  splenectomy.  HoUins 
in  the  main  believes  that  the  spleen  is  responsible.     He  concludes: 
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(1)  That  it  produces  the  anemia  by  increase  of  its  function  of  hemolysis 
(Ban-),  brought  about  in  turn  by  vasomotor  paresis  of  the  splanchnic 
area  (Sutherland  and  Burghard  believe  this  increased  hemolysis  is  due 
to  loss  of  vasomotor  control  of  the  splenic  artery) ;  (2)  that  the  spleen 
is  the  center  of  a  chronic  infective  process;  and  (3)  that  the  spleen  acts 
mechanically  in  the  production  of  anemia  (Rolleston"") .  56r£g£  points 
out  that  inasmuch  as  the  larger  part  of  the  splenic  blood  is  delivered 
to  the  left  lobe  of  the  liver,  cirrhosis  in  splenic  anemia  should  be  confined 
to  this  lobe,  but  it  is  not.  It  is  significant  that  in  the  majority  of  cases 
of  cirrhosis  the  spleen  is  enlarged,  and  this  fact  lends  strength  to  the 
argument  that  both  organs  are  attacked  simultaneously  by  the  same 
organism.  Hollins  produced  splenomegaly  and  anemia  in  the  rabbit 
by  inoculations  of  Bacillus  coli.  Yates,  Bunting,  and  KristjansoD  have 
described  a  diphtheroid  organism  in  the  spleens  of  splenic  anemia. 
Wilson,  in  rep>eated  examinations  of  spleens  removed  from  35  patients 
with  typical  splenic  anemia,  has  not  observed  any  organism. 

The  spleen  shows  a  very  marked  fibrosis,  with  atrophy  of  pulp  and 
Malpighian  bodies,  and  the  picture  is  characteristic  enough  to  distin- 
guish it  from  the  spleen  in  pernicious  anemia,  Gaucher's  disease,  and 
splenomedullary  leukemia.  The  fact  that  endarteritis  and  even  patches 
of  calcification  sometimes  occur  in  the  splenic  vein  branches  explains 
the  friability  of  these  vessels  often  noted  in  the  operation  of  splenectomy 
and  the  serious  operative  hemorrhages  which  occasionally  occur.  Vari- 
cose veins  are  frequently  found  at  the  cardia,  and  compensatory  enlarge- 
ment of  the  hemolymph  glands  has  been  noted,  particularly  by  Dock 
and  Warthin. 

The  spleen  may  be  very  large,  its  weight  varying  from  OS  gm.  to 
5280  gm.  (Giffin"). 

The  symptomatology  of  the  disease  has  been  fully  described  by 
various  observers.  The  splenomegaly,  leukopenic  anemia,  and  tendency 
to  gastric  hemorrhage  and  cirrhosis  of  the  liver  are  characteristic  of  the 
disease.  In  the  early  stage  the  diagnosis  will  not  be  confused  if  the 
symptoms  are  pronounced.  The  blood-picture  differentiates  pernicious 
anemia  and  splenomedullary  leukemia.  Syphilitic  splenomegaly  is 
recognized  by  the  Wassermann  and  hbtory,  and  hemolytic  jaundice  by 
the  acholuric  icterus,  the  crises,  an  increased  red-cell  fragility,  and  evi- 
dences of  marked  hemolysis.  Thrombophlebitis  of  the  portal  and 
splenic  veins  is  associated  with  the  same  symptoms  and  signs  as  splenic 
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anemia,  but  is  supposed  to  be  accompanied  by  considerable  epigastric 
p&in. 

As  the  later  stages  of  the  disease  become  advanced,  diagnosis  he- 
comes  increasingly  difficult  and,  as  has  been  6ften  pointed  out,  is  at 
times  impossible.  The  patient  who,  when  first  seen,  exhibits  a  large 
spleen,  small  liver,  ascites,  gastro-intestinal  and  other  hemorrhages,  and 
emaciation  may  be  suffering  from  a  primary  hepatic  cirrhosis  or  from 
Banti's  disease.  The  anemia  may  not  be  distinctive  enough  to  warrant 
a  diagnosis  of  the  latter.  Moreover,  even  at  operation  or  postmortem 
ft  positive  diagnosis  cannot  always  be  made  at  such  a  stage. 

Giffin,*°in  reviewing  the  symptomatology  of  splenic  anemia  in  the 
precirrhotic  stage  in  a  series  of  18  cases  in  the  Mayo  Clinic,  showed 
that  in  this  series  there  were  twice  as  many  females  as  males  and  that 
the  average  age  was  thirty-seven  years.  In  other  series  of  cases,  how- 
ever, males  have  been  in  the  majority,  Osler*^  reporting  13  in  15  cases. 
In  every  case  the  splenomegaly  preceded  the  anemia.  In  one  case  an 
enlarged  spleen  had  been  present  twenty  years.  The  blood  showed  sec- 
ondary anemia  with  a  leukopenia,  in  one  instance  of  1000  leukocytes.  In 
one  case  only  were  the  leukocytes  above  normal,  that  is,  1 1,000.  Hemat- 
emesis  is  considered  a  frequent  manifestation,  hut  had  occurred  in  only 
5  of  the  18  cases;  in  Osier's  it  occurred  in  8  out  of  15.  A  history  of  pain 
was  obtained  in  12  cases,  in  some  of  which  it  was  of  a  more  or  less  acute 
character.  Fever  is  not  an  infrequent  sign  in  the  later  stages,  but  it 
occurred  in  only  2  of  the  early  group  of  18  cases.  Diarrhea  was  present 
in  4  cases.  The  surgical  records  show  that  cirrhosis  was  definite  in  5 
of  the  18  cases.  Jaundice  was  noted  twice,  in  one  case  without  cirrhosis. 
Recognizable  gallbladder  disease  was  present  in  18.5  per  cent  of  the 
cases. 

Krumbhaar'^  discusses  Banti's  division  of  the  symptomatology  into 
three  stages:  (1)  The  preascitie  stage,  which  lasts  several  years.  Grad- 
ually increasing  weakness  and  pallor  are  noticed  with  digestive  distur- 
bancf^  and  abdominal  pain,  which  may  first  draw  attention  to  the  large 
spleen.  There  is  an  increase  of  urobilin  and  a  slight  leukopenia.  (2) 
The  second  stage,  which  lasts  but  a  few  months  and  is  characterized  by 
scanty,  high-colored  urine  containing  an  excess  of  urobilin,  and  attacks 
of  dyspepsia  and  diarrhea  with  slight  increase  in  the  size  of  the  liver. 
(3)  The  third  stage,  that  of  hepatic  cirrhosis  with  recurrent  ascites.  As 
Osier  has  pointed  out,  it  is  important  to  remember  in  such  cases  that 
ascites  may  occur  without  cirrhosis.  There  is  occasionally  slight  jaun- 
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dice  and  an  atrophic  liver,  with  increasing  emaciation.  Krumbhaar 
also  draws  attention  to  the  fact  that  these  stages  are  frequently  not 
clearly  defined. 

The  treatment  indicated  is  recognized  by  all  writers  as  being  clearly 
splenectomy.  In  the  early  stages  the  risk  is  not  great  and  the  prospect 
of  permanent  cure  is  excellent.  The  operative  mortahty  up  to  1916  in 
the  Mayo  Clinic  in  31  cases  was  9.6  per  cent  (Balfour*).  This  includes 
all  cases  and  every  stage  of  the  disease.  The  mortality,  therefore,  should 
be  under  10  per  cent.  This  figure  can  be  attained  if  proper  appreciation 
of  the  indications  for  the  operation  is  held. 

The  late  results  of  operation  in  the  early  stage  are  excellent.  Giffin" 
reported  that  75  per  cent  of  patients  operated  on  during  this  stage  are 
in  good  health.  The  indication  for  splenectomy  in  this  stage,  therefore, 
is  quite  obvious. 

In  the  later  stages  of  the  disease,  the  operative  mortality  is  higher, 
and  when  ascites,  jaundice,  and  severe  hemorrhages  mark  the  develop- 
ment of  an  advanced  cirrhosis,  the  operative  risk  is  at  least  i5  per  cent, 
becoming  prohibitive  in  the  terminal  stages.  Nevertheless,  in  view  of 
the  facts  that  a  fatal  outcome  is  certain  in  the  ordinary  course  of  events, 
and  that  removal  of  the  spleen,  even  in  fairly  advanced  cirrhosis,  is 
followed  by  apparent  cure,  or  at  least  arrest  of  the  process,  splenectomy 
should  have  serious  consideration. 

The  Splenic  Anemia  op  Children 
Anemia  with  splenomegaly  in  children  has  been  the  subject  of  much 
discussion.  Hunter  divides  such  anemias  into  three  groups:  (1)  Those 
conforming  to  the  adult  type;  (2)  those  with  a  blood-picture  showing  an 
increase  in  leukocytes  (between  10,000  and  20,000)  and  in  which  normo- 
blasts and  megalocytes  are  found;  and  (3)  those  with  a  high  leukocyte 
count,  many  normoblasts.  Most  wTiters  consider  Himter's  third  group 
an  exaggerated  form  of  the  second  group. 

The  large  spleen  and  the  type  of  the  anemia  would  suggest  the  con- 
dition, while  a  leukopenia,  particularly  when  associated  with  gastric 
hemorrhages,  would  warrant  a  more  or  less  definite  diagnosis.  Giffin** 
collected  five  cases  from  the  literature  and  reports  in  detail  the  case  of 
one  patient  from  the  Mayo  Clinic,  aged  thirty  months.  Haggard  has 
recently  reported  another  case. 

Only  four  cases  of  splenectomy  for  the  anemia  of  von  Jaksch  have 
been  collected  from  the  literature,  the  most  recent  one  being  by  Pool. 
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Hemolytic  Jaundice 

Hemolytic  jaundice  is  a  disease  characterized  by  splenomegaly, 
"non-obstructive"  icterus,  and  anemia.  Congenital,  familial,  and 
acquired  forms  are  recognized,  but  it  has  been  the  custom  in  thb  country 
to  look  upon  these  types  as  variations  of  the  same  disease.  Krumh- 
haar,"  however,  draws  attention  to  the  fact  that  on  the  continent  the 
congenital  and  acquired  forms  are  considered  as  independent  conditions, 
and  presents  the  evidence  on  which  this  opinion  is  based.  There  are 
certainly  differences,  particularly  between  the  familial  and  acquired 
types,  which  may  be  shown  by  diagnostic  methods  and  which  may  be 
observed  chnically.  These  variations  in  type  are  of  the  greatest  interest, 
and  although  they  have  resulted  in  a  temporary  confusion,  they  have 
produced  a  wealth  of  exact  information  which  will  be  essential  in  their 
correlation.  It  will  be  safe  to  assume  at  the  present  time  and  for  our 
present  purpose  that  these  many  types  are  variations  in  degree  of  the 
same  disease,  and  they  will  be  so  considered  here. 

Murchison  in  1885  drew  attention  to  the  occurrence  of  chronic 
jaundice  in  several  members  of  a  family,  but  Hayem  is  credited  with 
the  first  description  of  the  disease  as  a  clinical  entity.  Chauffard  made 
the  most  important  contribution  to  the  subject  from  the  standpoint  of 
diagnosis,  in  showing  the  increased  fragility  of  the  red  blood-cells  in  the 
disease.  Thayer  in  1911  gave  the  earhest  description  in  thb  country 
of  the  symptomatology  of  hemolytic  jaimdice. 

Literature  dealing  with  hemolytic  jaundice  as  a  surgical  entity, 
especially  English  literature,  is  relatively  scarce;  in  fact,  Elliott  and 
Kanavei  as  recently  as  1915  presented  the  first  report  of  splenectomy  in 
this  disease  that  appeared  in  American  literature.  They  thoroughly 
reviewed  the  subject  from  a  surgical  standpoint  with  particular  reference 
to  the  famiUal  type  of  several  patients  they  had  observed.  Giffin'*  in 
1917  reviewed  twelve  cases,  including  congenital,  acquired,  and  familial 
types  of  the  disease,  in  patients  operated  on  in  the  Mayo  Clinic.  Peck 
in  1916  gave  a  most  interesting  account  of  the  first  patient  with  the 
congenital  type  of  the  disease  operated  on  in  this  country  (1912). 
Elliott  and  Kanavei  point  out  that  there  were  several  instances  of  suc- 
cessful splenectomy  prior  to  the  date  of  the  establishment  of  the  clinical 
entity  of  the  disease  (Wells,"»  1888,  Bland-Sutton,  1895). 

The  relative  frequency  of  the  various  types  is  indicated  by  Knimb- 
haar"  in  a  review  of  158  cases,  of  which  51  per  cent  were  familial  (43 


ey  Google 


D.  C.  BALFOUR 


per  cent  of  these  developing  after  birth),  14  per  cent  congenital,  and  35 
per  cent  acquired.  These  percentages  probably  represent  the  frequency 
of  each  type  better  than  the  statistics  of  a  surgical  clinic,  for  a  (»nsider- 
able  percentage  of  patients  in  the  familial  group  are  symptomless 
throughout  life  as  far  as  general  health  is  concerned,  whereas  those  with 
the  congenital  and  acquired  types  have  symptoms  usually  sufficiently 
severe  to  lead  them  to  seek  relief.  Of  the  17  patients  observed  in  the 
Mayo  Clinic,  "3  were  definitely  fainilial,  while  6  gave  very  suggestive 
histories  of  familial  jaundice"  (Giffin'*). 

As  yet  there  has  not  been  a  successful  effort  to  place  the  etiology  of 
the  disease  on  more^than  a  speculative  basis,  in  spite  of  the  fact  that  the 
results  of  splenectomy  prove  that  the  spleen  is  largely  concerned  in  the 
abnormal  hemolysis  which  is  the  outstanding  feature  of  the  disease. 

Krumbhaar"  gives  the  two  chief  views:  (1)  That  there  is  a  primary 
lesion  in  the  blood,  a  dystrophy  of  the  red  cells;  and  (2)  that  either 
primarily  or  indirectly  in  the  spleen  there  is  an  exaggerated  hemolytic 
activity.  As  Krumbhaar  points  out,  the  writers  who  bold  the  former 
belief  (Widal  and  others)  lose  sight  of  the  fact  that  splenectomy  is  a 
specific  in  the  disease.  Those  who  hold  the  spleen  responsible  (Min- 
kowski, Eppinger,*'  Banti"*)  believe  the  spleen  actively  destroys  in- 
creased numbers  of  cells  and  prepares  others  for  destruction.  The  fact 
that  splenectomy  is  followed  by  return  of  health  in  these  cases  and  that 
the  clinical  evidence  of  an  increased  hemolysis  disappears,  lends  the 
strongest  support  to  the  latter  view. 

The  symptomatology  of  hemolytic  jaundice  is  definite,  and  the 
cardinal  symptoms  are  seen  in  greater  or  lesser  degree  in  the  congenital, 
familial,  and  acquired  forms.  The  jaundice  is  chronic  and  usually  of 
mild  degree,  and  is  an  acholuric  jaundice  with  absence  of  the  itching, 
petechias,  clay  stool,  and  brachycardia  which  are  associated  with  jaun- 
dice due  to  mechanical  obstruction  of  the  common  bile-duct.  Spleno- 
megaly is  constant  and  may  be  extreme  and  the  liver  is  usually  enlarged. 
Anemia  is  not  constant,  but  is  common  and  may  be  marked,  Krumb- 
haar" collecting  10  cases  in  which  there  were  less  than  1,000,000  red 
blood-corpuscles.  The  anemia  may  simulate  pernicious  anemia  (von 
Stejskal),  and  Chauffard  considers  that  "there  is  an  icteric  form  pt 
pernicious  anemia  which,  when  accompanied  by  diminished  resistance 
and  reticulated  red  cells,  represents  the  least  compensated  form  of 
hemolytic  icterus."  Epigastric  pain  is  not  uncommon  and  may  be 
severe,  simulating  gallstone  colic,  and  in  many  cases  is  due  to  gall- 
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stones.     Cholecystitis  b  probably  present  in  a  large  percentage  of  cases, 
and  gallstones  have  been  found  in  58  per  cent  (Giffin''). 

Exacerbation  of  these  symptoms,  together  with  malaise,  headache, 
enlarged  and  tender  spleen,  and  occasionally  fever,  are  characteristic  of 
the  disease,  especially  in  the  acquired  form. 

In  special  diagnostic  tests,  the  fragility  of  the  red  blood-corpuscles  is 
of  most  importance.  It  is  consistently  increased  in  this  disease.  The 
urine  does  not  contain  bile-salts  except  under  exceptional  circumstances 
(during  a  crisis),  but  bile-pigment  is  always  found  in  the  blood,  and 
urobilin  in  the  urine.  An  approximation  of  the  degree  of  hemolysis 
may  be  made  by  the  method  of  Schneider  of  extracting  the  duodenal 
contents  by  means  of  a  tube,  and  estimatmg  the  quantities  of  urobilin 
and  urobilinogen.  Widal,  Abrami,  and  Brul£  find  the  auto-agglutina- 
tion test  positive  in  the  acquired  form,  and  always  negative  in  the 
congenital  or  familial  form. 

The  diagnosis  of  hemolytic  jaundice,  therefore,  is  usually  not  difficult, 
and  is  confusing  only  in  the  atypical  cases.  The  close  relationship  of 
the  disease  to  Hanot's  cirrhosis,  symptomatically  at  least,  is  to  be 
remembered  (Mayo*"). 

Surgical  treatment  of  the  disease  is  clearly  indicated  if  the  symptoms 
are  at  all  pronounced  or  the  crises  disabling.  Difference  of  opinion 
exists  as  to  the  treatment  of  hemolytic  icterus  associated  with  indefinite 
and  infrequent  and  mild  crises.  Undoubtedly  many  such  patients  live 
a  normal  length  of  life  without  inconvenience,  and  operation  may  be 
justifiably  postponed  until  subjective  symptoms  become  more  marked. 
The  indication  for  operation,  therefore,  is  dependent  largely  on  the 
severity  of  the  disease,  the  frequency  of  crises,  the  symptomatic  evidence 
of  developing  complications,  and  the  degree  of  anemia  present.  When 
the  blood-picture  indicates  marked  hemolysis,  operation  should  be 
seriously  considered. 

The  results  of  splenectomy  in  the  disease  are  excellent,  and  the 
collected  cases  show  a  lower  operative  mortality  than  in  any  other  con-* 
dition  for  which  splenectomy  has  been  advocated.  Elliott  and  Kanavel 
in  1915  tabulated  48  cases  in  which  there  were  «  deaths.  The  patients 
recovering  from  the  operation  obtained  a  symptomatic  cure  and  sufficient 
time  has  elapsed  in  some  of  the  cases  to  warrant  the  belief  that  the 
change  is  permanent.  Curiously,  although  there  was  an  immediate 
improvement  in  the  blood-picture  of  all  the  patients,  the  increased 
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fragility  of  the  red  blood-corpuscles,  which  was  a  constant  feature  pre- 
vious to  operation,  did  not  consistently  return  to  normal  (Giffin). 

Since  the  adoption  of  Schneider's  method  of  estimating  the  urobilin 
and  urobilinogen  in  the  duodenal  contents,  interesting  observations  have 
been  possible.  Giffin**  has  shown,  in  a  study  of  the  patients  operated 
on  in  the  Mayo  Clinic,  that  the  quantity  of  bile-pigments,  which  is 
always  increased  in  the  disease,  just  as  constantly  tends  to  approximate 
the  normaJ  following  splenectomy.  Splenectomy  gives  its  most  impres- 
sive result  in  hemolytic  jaundice. 

Cirrhosis  of  the  Liver 

In  the  past  few  years  considerable  attention  has  been  directed  to  the 
problem  of  the  r6Ie  of  the  spleen  in  cirrhosis  of  the  liver.  Many  ob- 
servers, particularly  Holieston,'"  have  attributed  certain  types  of 
hepatic  cirrhosis  to  poisons  originating  in  the  spleen.  Reference  has 
already  been  made  to  the  intimate  association  between  spleen  and  liver 
in  splenic  anemia,  and  to  the  fact  that  splenectomy,  even  when  cirrhosis 
and  ascites  had  developed,  has  produced  most  distinct  benefit.  This 
fact,  together  with  much  clinical  and  experimental  evidence,  gives  the 
spleen  a  prominent  place  as  an  etiologic  factor  in  the  group  of  infectious 
cirrhoses.  The  determination  of  the  indication  for,  and  the  true  value 
of,  splenectomy  under  such  circumstances  is  not  easy  because  of  the 
inherent  difficulties  in  both  clinical  and  surgical  diagnosis.  The  strong 
similarity  between  the  hypertrophic  cirrhosis  of  Hanot  and  hemolytic 
jaundice  (as  pointed  out  by  Mayo*"),  and  the  difficulty  in  differentiating 
certain  types  of  cirrhosis,  both  in  the  hypertrophic  and  atrophic  stages, 
from  splenic  anemia,  even  at  operation,  are  well-known  examples  proving 
the  necessity  of  very  careful  investigation  of  this  subject- 

Eppinger  and  Ranzi  and  others  have  strongly  advocated  splenectomy 
in  all  cases  of  hypertrophic  cirrhosis  of  the  liver  when  the  spleen  is  large 
and  there  is  extreme  jaundice,  especially  in  the  absence  of  a  history  of 
*  alcoholism.  Rolleston""  also  states  that  "in  cirrhosis  due  to  poisons 
manufactured  in  the  spleen,  splenectomy  is  a  logical,  if  heroic,  form  of 
treatment." 

In  this  country  there  are  few  records  of  splenectomy  in  cases  which 
were  considered  primary  hepatic  cirrhosis.  Four  cases  have  been 
reported  from  the  Mayo  Clinic,  the  immediate  results  of  which  have 
been  promising. 
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Gastro-intestinal  Hemorrhage 

To  what  extent  a  small  or  slightly  enlarged  spleen  can  be  held  respon- 
sible for  some  of  the  cases  of  otherwise  unexplained  gastric  and  gastro- 
intestinal hemorrhages  is  not  known,  but  there  is  already  sufficient 
evidence  to  make  it  most  important  to  consider  the  spleen  in  these  cases 
of  obscure  gastric  hemorrhage.  Such  evidence  is  furnished  by  the  facts 
that  ia  certain  diseases  in  which  gastro-intestioal  hemorrhages  are 
common,  splenectomy  is  curative;  that  gastric  hemorrhage  may  be 
caused  by  a  distant  toxic  focus  (appendix,  gallbladder,  etc.);  that  the 
spleen  may  similarly  act  as  a  focus  of  infection  and  bring  about  gastric 
hemorrhage  either  primarily  or  through  the  medium  of  the  liver. 

In  discussing  the  rdle  of  the  spleen  under  such  circumstances  P  re- 
ported the  case  of  a  patient  from  whom  I  removed  a  slightly  enlarged 
spleen  on  the  assumption  that  it  was  the  cause  of  repeated  gastric 
hemorrhages  which  had  subjected  the  patient  to  various  operations,  par- 
ticularly gastric,  but  had  continued  to  the  point  of  almost  costing  his 
life.  Hemorrhage  ceased  following  the  splenectomy,  and  the  patient 
has  been  in  excellent  health  since.  Under  such  cireumstances  splenec- 
tomy could  be  justified  only  after  the  positive  exclusion  of  every  other 
causative  lesion  or  focus  of  infection. 

Thrombophlebitis  of  Splenic  and  Portal  Veins 
Varying  degrees  of  thrombosis  of  the  splenic  vein  have  been  de- 
scribed in  connection  with  splenomegaly,  and  especially  in  splenic 
anemia.  This  finding  has  suggested  that  the  condition  is  an  etiologic 
factor  in  certain  cases  of  splenomegaly,  and  that  thrombophlebitis  of  the 
splenic  and  portal  veins  occurs  as  a  primaiy  condition,  that  it  is  a  clinical 
entity  and  is  associated  with  a  rather  definite  clinical  picture  in  which 
enlargement  of  both  spleen  and  liver,  ascites,  epigastric  pain,  and 
possibly  a  history  of  traumatism  are  features.  BoUeston"^  suggested 
splenectomy  in  such  a  condition,  and  Tansani  and  Morone  report  a  case 
of  splenectomy  in  the  third  stage  of  Banti's  disease  in  which  the  splenic 
vein  and  its  branches  were  changed  into  hard  cords.  They  admit, 
however,  the  uncertainty  as  to  the  primary  condition,  although  Banti 
thought  it  was  not  a  primary  splenomegaly. 

Gaucher's  Disease 
Ori^nally  considered  by  Gaucher  (1882)  as  a  true  neoplasm,  this 
disease  is  now  looked  on  as  clinically  non-malignant.     Brill  and  Mandle- 
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baum  showed  that  the  changes  found  in  the  spleen  were  not  confined 
to  that  organ,  but  that  similar  endothelial  proliferation  could  be  demon- 
strated both  in  lymph-nodes  and  bone-marrow.  They  also  described 
certain  clinical  features  of  the  disease.  The  onset  occurs  usually  in 
childhood,  with  a  chronic  course  (average,  twenty  years),  although 
Niemann  reports  an  apparently  acute  form  of  the  disease.  In  many 
respects,  particularly  in  the  character  of  the  anemia  (of  a  moderate 
degree  and  with  a  leukopenia)  and  in  the  tendency  to  mucosal  hemor- 
rhages, Banti's  disease  is  simulated.  The  splenic  enlargement  is  sup- 
posed to  be  greater  than  in  other  diseases  associated  with  splenomegaly. 
Krumbhaar"  states  that  the  disease  has  been  recognized  before  operation 
on  four  occasions,  once  by  splenic  puncture.  It  cannot  be  expected, 
inasmuch  as  there  is  disagreement  among  pathologists  as  to  the  authen- 
ticity of  some  of  the  cases  reported  as  Gaucher's  disease,  that  the  lat« 
operative  results  will  be  as  yet  accepted.  Krumbhaar,  for  example, 
states  that  a  "cure  can  hardly  be  expected,  as  the  disease  is  known  to 
exist  independently  in  bone-marrow  and  lymph-nodes. "  Nevertheless, 
patients  with  apparently  substantiated  Gaucher's  disease  are  living 
several  years  after  operation  in  good  health,  with  every  indication  of  a 
permanent  cure. 

Pernicious  Anemia 

The  actual  and  relative  value  of  splenectomy  in  pernicious  anemia 
is  as  yet  to  be  proved.  The  group  of  patients  who  have  been  splenec- 
tomized  in  this  country  for  pernicious  anemia  during  the  last  three 
years  is  sufficiently  large  to  permit  conclusions  as  to  the  results  of  the 
operation,  but  any  conclusions  as  to  final  results  will  be  acceptable  only 
when  a  considerable  period  of  time  has  elapsed  since  the  operation.  It 
is  most  important,  however,  to  remember  that  an  investigation  of  the 
condition  of  these  patients  at  the  present  time  is  quite  useless  as  a 
criterion  of  the  effect  of  splenectomy  on  the  disease  itself. 

From  the  available  operative  results,  certain  facts  may  be  recorded. 
For  instance,  Krumbhaar™  has  shown  that  during  the  earlier  experience 
with  the  operation  the  deaths  occurring  immediately  or  within  six  weeks 
after  splenectomy  reached  as  high  as  20  per  cent.  It  soon  became 
apparent  that  many  of  these  deaths  were  due  not  to  the  inherent  risks 
of  the  operation,  but  to  the  condition  of  the  patient.  As  soon,  therefore, 
as  the  unwarranted  surgical  risks  were  avoided  the  operative  mortality 
dropped  well  below  5  per  cent.     The  more  intelligent  selection  of  cases 
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for  splenectomy  was  the  result  of  the  recognition  of  the  fact  that  the 
operation  itself  was  of  high  risk  in  certain  stages  of  the  disease,  and  that 
even  if  the  patient  recovered,  a  remission  of  symptoms  could  not  be 
reasonably  expected. 

That  splenectomy  will  effect  a  more  prompt  and  more  prolonged 
remission  of  symptoms  than  has  been  possible  under  previous  methods 
is  the  opinion  of  the  majority  of  those  who  have  been  in  a  position  to 
observe  large  series  of  cases  {Cabot,  Moffitt,  Krumbhaar,"  Giffin," 
Percy,  and  others).  But  there  is  as  yet  no  proof  that  splenectomy  will 
cure  the  disease,  or  even  bring  about  a  permanent  arrest  of  symptoms. 
Despite  encouraging  earlier  reports  it  is  found,  as  time  goes  on,  that  in 
many  of  the  promising  cases  there  are  recurrences,  or  that  in  some  in- 
stances the  patients  have  died,  so  that  the  value  of  splenectomy  becomes 
increasingly  dubious.  Percy,  however,  is  quite  sanguine  over  the  results 
he  has  obtained  by  removing  other  possible  foci  of  infection,  particularly 
the  gallbladder  and  appendix,  at  the  same  time  that  be  performed  the 
splenectomy. 

The  present  status  of  splenectomy  in  pernicious  anemia  as  indicated 
in  the  reports  from  various  sources,  therefore,  is  as  follows;  (1)  The 
operation  has  no  place  in  advanced  stages  of  the  disease;  (2)  under 
certain  conditions  the  operation  may  be  justifiably  advised,  that  is,  when 
a  patient  not  beyond  middle  life  gives  only  a  short  history  of  the  con- 
dition, the  anemia  is  moderate  in  degree,  the  spleen  is  enlarged,  the  skin 
is  icteroid,  there  is  a  definitely  high  hemolysis,  and  nothing  ntore  than  a 
temporary  remission  can  be  promised,  and  (S)  transfusions  of  blood 
both  before  and  after  splenectomy  are  a  most  useful  adjunct  to  the 
operation. 

Splenomedullary  Leukemia 

The  results  of  the  surgical  treatment  of  splenomedullary  leukemia 
in  the  past  have  been  very  discouraging.  The  earlier  operative  expe- 
rience was  associated  with  such  a  high  initial  mortality  that  the  operation 
was  practically  abandoned. 

Warren,  who  in  1911  reported  one  case  of  splenectomy  for  this 
condition  followed  by  recovery,  and  referred  to  the  42  cases  collected  by 
Hagen  with  4  recoveries,  attributed  the  serious  operative  risk  to  secon- 
dary hemorrhage  from  the  wound.  It  must  be  remembered  that  at  the 
time  these  unfavorable  results  were  reported  splenectomy  was  performed 
during  the  active  period  of  the  disease,  and  when  the  numljer  of  white 
cells  was  large,  showing  a  high  ratio  to  the  red  cells.     There  have  been 
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since  that  time  isolated  reports  of  splenectomy  for  spIenomeduUary 
leukemia,  in  some  of  which  the  diagnosis  was  rather  seriously  doubted 
(Richardson). 

The  surgical  profession  has  hesitated,  therefore,  to  adopt  operative 
measures  in  this  disease,  but  since  it  has  been  demonstrated  that  radium, 
x-rays,  and  beneol  exert  a  specific,  although  temporaiy,  effect  on  the 
symptoms  of  myelogenous  leukemia  (Billings  and  others),  splenectomy 
has  again  come  up  for  consideration.  Radium  appears  to  exert  the 
most  powerful  influence  on  the  spleen  and  on  the  blood-picture,  and 
there  have  been  several  cases  reported  of  remissions  that  have  been 
produced  by  radium  in  conditions  entirely  resistant  to  x-rays  and  benzol 
(Ordway,  Giffin"), 

The  therapeutic  value  of  these  agents  being  sufficient  to  bring  the 
blood-picture  to  normal,  to  greatly  improve  the  patient's  general  con- 
dition, and  to  gradually  reduce  the  size  of  the  spleen  (in  some  instances 
until  it  is  non-palpable),  suggested  the  possibility  that  removal  of  the 
spleen  at  this  stage  might  have  some  influence  on  the  course  of  the 
disease,  particularly  if  these  therapeutic  agents  were  used  as  adjuncts. 
It  has  already  been  demonstrated  that  under  such  circumstances  splenec- 
tomy may  be  done  with  a  very  low  operative  mortality.  In  the  Mayo 
Clinic  since  October  2.  1916,  17  patients  have  been  operated  on  with 
spIenomeduUary  leukemia  in  which  the  blood-picture  bad  been  first 
brought  to  normal  by  the  use  of  radium,  x-rays,  or  benzol,  or  a  com- 
bination of  these  agents.  There  have  been  no  operative  deaths  in  this 
series,  but  we  have  as  yet  no  knowledge  as  to  the  ultimate  results  of  the 
operation. 

Unci^sbified  Splbnomegaly 

There  are  finally  a  number  of  cases  of  splenomegaly  which  cannot  as 
yet  be  classified.  This  group  will  include:  (1)  Simple  or  idiopathic 
splenomegaly,  which  may  persist  for  years  without  any  anemia;  (2) 
splenomegaly  with  eosinophilia,  one  instance  of  which  is  reported  by 
GifiSn;**  (3)  chronic  polycythemia  with  splenomegaly,  a  group  described 
by  Osier;**  (4)  chronic  septic  splenomegaly,  in  which  moderate  enlarge- 
ment of  the  spleen  occurs  with  anemia,  a  condition  thought  to  be  due  to 
preceding  abdominal  or  systemic  sepsis;  (5)  Egyptian  splenomegaly,  in 
which  there  is  an  acute  course,  with  high  fever  and  rapid  development 
of  large  spleen  and  liver,  without  evidence  of  sepsis  and  without  jaun- 
dice (one  similar  case  has  been  reported  by  Giffin");  and  (6)  the 
tropical  splenomegalies,  kala-azar,  etc.,  which,  to  my  knowledge,  have 
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not  been  classified  and  in  which,  as  yet,  surgical  treatment  has  not  had 
an  extensive  trial. 

In  conclusion  it  should  be  emphasized  that  in  diseases  of  the  spleen 
it  is  absolutely  essential  that  the  surgeon  should  realize  that  physical 
findings  are  of  minor  importance,  and  that  a  correct  diagnosis  must 
depend  on  the  clinician,  who  in  turn  must  in  large  part  rely  on  the 
various  laboratory  findings  and  special  diagnostic  methods.  In  such 
instances,  therefore,  the  surgeon  takes  his  cue  from  the  clinician  and 
then  adds  his  opinion  as  to  the  advisability  of  splenectomy,  an  opinion 
which  will  be  based  on  the  condition  of  the  patient  and  the  probable 
benefits  that  will  be  gained  from  the  operation. 

Technic  of  Splenectomy 

The  surgery  of  the  spleen  is  practically  confined  to  splenectomy, 
although  ligation  of  the  blood-supply  may  have  limited  usefulness.  The 
incision  usually  preferred  is  in  the  left  rectus.  The  length  of  the  incision 
varies  with  the  size  of  the  spleen,  is  continued  upward  to  within  an  inch 
of  the  costal  margin,  and  in  the  presence  of  a  very  large  spleen  parallels 
the  costal  margin  to  the  midline  if  necessary.  Some  surgeons  (Warren) 
use  a  "T"  incision  when  a  large  spleen  is  to  be  removed.  Others  speak 
of  the  occasional  advisability  of  rib  resection  (Meyer).  Kanavel" 
recommends  elevation,  tilting  the  body  by  means  of  sand-bags,  in  order 
to  facilitate  the  operation.  The  necessity  for  the  best  possible  exposure 
is  indicated  by  these  various  suggestions. 

The  importance  of  a  careful  abdominal  exploration  is  emphasized 
by  Kanavel  and  others,  in  view  of  the  frequent  gallbladder  and  liver 
complications  in  the  diseases  for  which  splenectomy  is  advocated.  The 
essential  features  in  the  operation  as  performed  at  present  in  the  Mayo 
Clinic  and  which  I'  have  previously  described  are  as  follows: 

1.  The  accessory  adhesions  and  gastrosplenic  omentum  are  separated, 
divided,  and  Hgated.  Division  of  the  gastrosplenic  omentum  frees  the 
fundus  of  the  stomach,  which  comes  into  view  in  every  instance  and 
must  be  carefully  protected  from  injury. 

i.  The  dislocation  of  the  spleen  may  be  accomplished  in  the  majority 
of  instances  by  stripping  the  adhesions  with  the  fingers.  In  a  few  cases 
it  is  necessary  to  divide  adhesions  between  clamps.  After  the  spleen 
has  been  displaced  from  its  diaphragmatic  and  renal  position,  a  large 
pack  may  be  introduced  into  the  space  formerly  occupied  by  the  spleen. 
This  pack  serves  to  support  the  spleen,  and  if  it  is  well  placed  and  left 
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undisturbed  until  all  other  steps  in  the  operation  are  completed,  will 
often  obviate  the  ligation  of  veins  of  some  size  which  might  entail  much 
technical  difficulty. 

3.  The  spleen  is  now  carefully  elevated  and  tracted  toward  the  mid- 
line, and  unless  accessory  vessels  are  encountered  along  the  posterior 
border  of  the  pancreas,  the  pedicle  may  be  ligated.  The  pancreas 
occasionally  comes  into  the  operative  £eld,  usually  over  the  posterior 
aspect  of  the  pedicle,  and  in  some  instances  the  tail  of  the  organ  must  be 
displaced  before  the  pedicle  can  be  ligated.  A  very  exact  and  safe 
method  is  first  carefully  to  expose  and  individualize  the  arterial  and 
venous  branches  in  the  pedicle  from  the  posterior  aspect  by  dividing  the 
fibrous  investment  of  the  pedicle.  The  successive  division  of  each 
arterial  and  venous  trunk,  beginning  with  the  lateral  vein  on  each  side 
of  the  fan-shaped  pedicle,  will  permit  a  very  useful  mobilization  of  the 
spleen,  so  that  the  clamping  of  the  central  portion  of  the  pedicle,  which 
usually  contains  the  splenic  artery  or  its  largest  branch,  is  very  much 
favored.  It  is  rare  that  such  a  method  is  not  feasible,  and  in  such  event 
ligation  en  masse,  preferably  by  the  two-clamp  method,  can  be  carried 
out.  Gerster  in  1915  suggested  the  preliminary  ligation  of  the  arterial 
supply  in  order  to  conserve  as  much  as  possible  of  the  blood  in  the  spleen 
by  forcing  it  out  through  undamped  veins  by  manual  compression  of 
the  spleen.  Lockwood  recently  suggested  the  use  of  the  method  of 
Lichtenstein,  that  is,  the  reintroduction  of  the  blood,  which  can  be  ex- 
pressed from  the  removed  spleen  into  the  patient's  veins. 

Under  favorable  circumstances  splenectomy  is  not  a  difficult  or 
dangerous  operation.  Many  surgeons,  however,  have  referred  to  the 
unexpected  and  serious  difficulties  which  may  be  encountered  through 
hemorrhage,  either  from  the  pedicle  itself  or  from  accessory  veins.  A 
methodical  operation  will  minimize  such  possibilities,  but  will  not  entirely 
obviate  them.  Troublesome  bleeding  is  usually  venous,  and  can  there- 
fore be  temporarily  controlled  by  the  pressure  of  a  gauze  pack  until  the 
spleen  is  removed.  Usually  such  torn  veins  can  be  ligated,  but  it  may 
be  necessary  to  leave  the  gauze  pack  in  place  until  a  few  days  later. 
When  the  bleeding  can  be  controlled  with  forceps,  but  the  vessels  cannot 
be  safely  ligated  because  of  their  friability,  the  forceps  may  be  left  in 
position.  At  the  end  of  seventy-two  hours  they  may  be  loosened  and, 
if  no  oozing  has  taken  place,  removed  in  eight  or  ten  hours. 

It  is  therefore  of  great  importance  to  anticipate  such  operative 
complications.  This  can  be  accomplished  in  large  measure  by  the 
routine  of  first  dividing  and  ligating  the  gastrosplenic  omentum  and  all 
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accessory  adhesions  possible  before  attempting  the  mobilization  of  the 
spleen. 

The  danger  of  injuring  the  stomach  or  pancreas  has  already  been 
referred  to  and  was  early  emphasized  by  Mayo." 

The  difficulties  in  the  operation  of  splenectomy  are  to  some  extent 
dependent  on  the  disease  or  condition  for  which  the  operation  is  per- 
formed. In  pernicious  anemia,  for  example,  splenectomy  is  practically 
never  attended  by  technical  difficulty.  In  hemolytic  jaundice  the 
operation  is  usually  without  special  risk,  although  the  spleen  is  occa- 
sionally very  large.  Splenic  anemia  is  most  frequently  associated  with 
high  operative  risk,  particularly  in  advanced  stages  of  the  disease,  often- 
times due,  as  has  already  been  mentioned,  to  the  thrombotic  changes 
in  the  splenic  and  accessory  veins.  The  same  is  true  in  hepatic  cirrhosis. 
In  diseases  which  occur  with  less  frequency  splenectomy  has  no  special 
risks. 

The  postoperative  course  of  splenectomized  patients  depends  also 
to  a  large  extent  on  their  condition  at  operation.  For  example,  in  the 
cirrhotic  and  ascitic  stages  of  splenic  anemia,  convalescence  is  protracted 
and  uncertain.  If  a  patient  is  a  good  surgical  risk  and  the  operation 
not  of  extraordinary  difficulty,  the  postoperative  course  compares 
favorably  with  that  of  any  other  major  abdominal  operation. 

Of  the  actual  complications  it  would  be  expected,  and  it  is  true, 
that  left-sided  pleurisy,  with  or  without  fiuid,  would  occur  with  greater 
frequency  than  in  other  abdominal  operations. 

The  occurrence  of  a  rise  in  temperature  on  the  second  or  third  day 
in  some  cases  has  been  the  subject  of  some  speculation.  Bland-Sutton 
has  attributed  it  to  infection  in  the  stump  of  the  pedicle,  others  to 
pancreatic  disturbance. 
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AURICULAR  FLUTTER* 

J.    M.    BLACKFORD  AND    F.    A.    WILLIUS 


Sixteen  cases  of  auricular  flutter  have  been  observed  in  the  Mayo 
Clinic  by  us  during  the  last  thirty  months.  In  the  study  of  these  cases 
a  review  of  the  literature  revealed  certain  features  which  made  it  seem 
desirable  to  record  our  findings.  The  paucity  of  case  reports  in  the 
literature  is  ample  evidence  that  the  condition  is  frequently  overlooked. 

Definition. — Auricular  flutter  may  be  described  as  an  acceleration 
of  the  auricles  to  a  rate  beyond  200  per  minute.*  In  all  reported  cases 
such  acceleration  has  been  accompanied  by  a  partial  heart  block,  giving 
a  ventricular  rate  of  one-half,  one-third,  or  one-fourth  of  the  auncular 
rate,  or  a  total  dissociation  of  rhythm  (complete  heart  block);  or  the 
degree  of  block  may  vary  between  the  auricular  beats,  giving  a  gross 
ventricular  arrhythmia.  The  partial  block  is  apparently  due  to  the 
inability  of  the  auriculoventricular  bundle  to  conduct  impulses  so 
rapidly,  or  to  the  inability  of  the  ventricle  to  respond  so  rapidly.  There 
is  no  reason  to  suppose  that  organic  disease  exists  in  the  bundle  except 
in  those  few  cases  (two,  one  our  own,  reported  to  date')  in  which  there 
is  evident  complete  dissociation;  and  in  a  small  group  of  ventricuIaE 
bradycardias  in  which  the  auriculoventricular  bundle  may  at  least  be 
questioned.  In  the  paroxysmal  attacks,  when  the  ventricles  assume 
the  full  auricular  rate,  we  have  evidence  of  a  temporary  increase  in 
irritability  of  the  ventricle  or  the  auriculoventricular  bundle. 

There  is  no  known  pathologic  difference  between  an  auricular  rate 
of  less  than  SCO  and  one  at  which  the  rate  exceeds  this  figure,  yet  the 
clinical  manifestations  are  so  different  as  to  justify  the  classification  of 
flutter  as  a  clinical  entity."  The  fundamental  clinical  differences  lie  in 
the  fact  that  flutter  tends  to  persist  indefinitely,  whereas  auricular 
paroxysmal  tachycardia  rarely  reaches  so  rapid  a  rate  and  the  attack 
stops  after  a  relatively  short  period.  In  flutter  the  auricles  continue 
their  rapid  rate  when  the  ventricles  are  slower,  while  in  auricular 
•  Reprinted  from  Arch.  Int,  Med.,  1918,  xxi,  H7-18S. 
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paroxysmal  tachycardia  1-1  rhythm  is  always  present  and  the  sinus 
rhythm  is  restored  hetween  attacks. 

Experimental. — Auricular  flutter  was  produced  experimentally  by 
McWilliam  in  1887**  by  mild  faradization  of  the  auricles  of  exposed 
animal  hearts.  Lewis'"  (1912-1913)  observed  the  same  condition  after 
the  intravenous  injection  of  glyoxylic  acid.  Hirschfelder'  (1908)  pro- 
duced it  by  ligation  of  the  coronary  arteries,  and  similar  observations 
have  been  made  after  cooling  the  auricles  and  during  chloroform  anes- 
thesia. In  our  laboratories,  working  with  Kendall,*  we  produced,  experi- 
mentally, hyperthyroidization  in  the  goat  by  a  large  injection  of  the 
thyroid  active  principle,  alpha-iodin.  We  have  observed  auricular 
flutter  as  one  of  the  cardiac  phenomena  shown  by  practically  continuous 
electrocardiographic  tracings  over  several  hours  preceding  death. 

Mechanism.— Flutter  is  caused  by  focus  of  stimuli  in  the  wall  of  the 
auricular  muscle  at  a  point  outside  the  normal  pacemaker  or  sinus  node 
(ectopic  stimuli),  the  discharge  of  stimuli  being  at  a  rate  so  rapid  and 
continuous  as  to  submerge  the  sinus  activity.  This  conclusion  is  based 
on  the  fact  that  the  P  wave  is  found  to  have  an  abnormal  form  in  the 
clinical  electrocardiogram  and  that  in  the  experimental  study  the  P  wave 
approaches  the  normal  contour  as  the  stimulus  b  applied  nearer  the 
sinus  node. 

A  statement  of  methods  by  which  flutter  can  he  produced  in  the 
laboratory  will  help  to  visualize  the  subject.  A  single  shock  applied 
with  the  stimulating  electrode  to  any  point  in  the  wall  of  the  auricle 
causes  an  auricular  extrasystole,  providing  the  stimulus  is  applied  when 
the  muscle  is  not  contracting.  A  continued  mild  faradization  applied 
to  the  same  point  causes  similar  contractions,  but  each  contraction  is 
maximal,  and  hence  only  when  the  muscle  begins  to  relax,  or  pass  out 
of  the  "refractory  phase,"  is  further  stimulation  effective;  then  another 
contraction  is  caused  by  succeeding  stimulus,  etc.  In  other  words,  the 
auricle  is  contracting  as  rapidly  as  possible — a  state  of  "flutter"  during 
the  time  continuous  faradization  is  applied. 

Thus,  if  asphyxia  is  allowed  to  act,  a  \isible  change  is  found  in 
auricular  activity.  Suddenly  the  auricle  dilates  and  ceases  codrdinate 
contraction,  but  each  tittle  individual  muscle  bundle  begins  to  contract 
regardless  of  the  muscle  mass;  that  is,  inco5rdinated  contraction.  In 
other  words,  multiple  foci  of  irritability  occur  throughout  the  auricular 
mass,  due  to  asphyxiation.  The  dilated  auricle  as  a  whole  is  function- 
less.    It  acts  only  as  a  reservoir,  but  close  inspection  reveals  the  fibril- 
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lating  muscle  twitching  which  is  characteristic  of  auricular  fihrillation, 
and  the  total  arrhythmia  of  the  ventricular  action  is  at  once  apparent. 

In  the  human  heart  the  irritable  focus  causing  flutter  must  be  the 
result  of  disease.  It  cannot  be  too  strongly  emphasized  that  flutter, 
per  se,  is  only  objective  evidence  of  localized  irritability  in  the  auricu- 
lar wall;  and  that  any  other  organic  cardiac  disease  may  exist  in  the 
same  heart. 

It  is  evident  that  at  present  no  clear  distinction,  mechanical  or 
organic,  can  be  given  as  differentiating  paroxysmal  auricular  tachycar- 
dia from  auricular  flutter.  The  difference  is  largely  a  well-grounded 
clinical  conception  based  on  a  different  symptomatology.  The  only 
objective  distinction  is  one  of  auricular  rate,  and  that  a  partial  block 
usually  exists  in  flutter  cases. 

Faihdogy. — It  is  already  evident  that  auricular  flutter  is  not  a  patho- 
logic entity,  for  we  often  see  auricular  extrasy stoles,  flutter  fibrillation, 
and  a  sinus  rhythm  in  a  single  case  within  a  relatively  short  time.  The 
literature  contains  only  six  necropsy  reports  in  unquestioned  cases; 
our  series  contains  two  others.  Ritchie"  has  reported  a  lymphocytic 
infiltration  of  the  epicardium,  most  marked  in  the  region  of  the  sinus 
node,  and  he  thinks  this  may  have  depressed  sinus  activity.  The 
cases  of  Gulland  and  Mackenzie'^  and  Hume's*  first  case  add  nothing 
significant  to  these  findings.  The  pathologic  findings  are  at  present 
unimportant,  since  so  little  has  been  recorded. 

The  irritable  auricular  focus  is  the  essential  feature,  and  our  study 
must  include  all  causes  of  locaUzed  injury  or  irritability  to  heart  muscle. 
Such  causes  may  be  classified  under  three  heads:  (1)  Infections  causing 
localized  injury;  (2)  general  and  local  myocardial  degeneration  from 
any  cause,  as  hypertension,  valvular  disease,  goiter,  etc.;  and  (3) 
localized  malnutrition  of  the  auricular  wall,  as  in  coronary  sclerosis,  etc. 

We  do  not  know  why  in  certain  cases  a  localized  injury  should  be 
selected  from  more  extensive  myocardial  damage  to  become  a  source 
of  irritation,  and  to  send  forth  such  rapid  impulses  as  to  submerge  the 
sinus  rate  and  establish  flutter.  That  such  functional  pathology  exists, 
however,  is  evident. 

We  have  no  evidence  that  flutter  can  be  purely  of  neurogenic  origin. 
In  all  the  reported  cases  and  in  our  own  cases  there  was  either  objective 
evidence  of  other  cardiac  damage  or  a  history  indicating  infectious, 
toxic,  myocardial,  or  coronary  etiology. 

EtitJogy. — ^Auricular  flutter  occurs  four  times  as  often  in  men  as  in 
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women,  counting  the  reported  cases  and  our  own.  The  average  age  of 
the  patients  was  forty-seven  years,  the  youngest  six  years  and  the  oldest 
eighty-two  years.  The  condition  is  most  frequent  between  the  ages  of 
forty  and  sixty  years,  but  in  our  series  more  cases'  occurred  between 
thirty  and  forty  years  of  age. 

Our  cases  at  once  call  attention  to  an  etiology  of  infection,  since 
antecedent  diseases  of  probable  streptococcic  origin  were  noted  with 
remarkable  frequency,  namely,  1  rheumatic  fever,  5  tonsillitis,  6  bad 
teeth,  6  "grippe,"  2  pneumonia.  In  3  cases  the  patient  dated  his 
symptoms  from  one  of  these  infections.  All  the  patients  in  our  series 
gave  histories  of  one  or  more  of  the  foregoing  diseases.  In  59  reported 
cases  there  are  little  data  on  this  phase  of  the  subject,  but  when  given, 
the  streptococcus  group  predominates;  thirteen  histories  of  rheumatic 
fever  are  recorded.""'*"*'*""'*  Venereal  disease  plays  no  evi- 
dent part.  None  of  our  patients  was  syphilitic,  though  three  cases  are 
noted  in  the  literature.'"'  We  noted  four  histories  of  typhoid  fe\'er; 
other  reports  contained  one  ease." 

Exophthalmic  goiter  was  definite  in  four  of  our  cases  and  was 
believed  to  be  the  probable  etiologic  factor.  One  other  such  case  is 
reported."  Mitral  disease  was  observed  in  but  one  of  our  sixteen 
patients,  though  the  literature"'*-""*  reports  ten  cases  of  stenotic  or 
double  mitral  lesions. 

Relative  Incidence. — We  examined  electrocardiographically  3,500 
patients  and  observed  16  auricular  flutter  records.  There  were  363 
patients  with  auricular  fibrillation,  160  showing  auricular  extrasystoles, 
316  showing  ventricular  extrasystoles  and  5  auricular  paroxysmal 
tachycardia.  These  figures  are  doubtless  far  from  a  fair  average, 
because  we  examined  a  great  number  of  patients  suffering  from  toxic 
goiter  (both  hyperplastic  and  non-hyperplastic)  and  fibrillation  is  very 
common  in  such  cases.  The  proportion  of  16  flutters  to  363  fibrillations 
is  probably  a  fair  average. 

Symptoms.- — The  symptoms  of  the  condition  depend  essentially  on 
the  ventricular  rate  and  the  cardiac  compensation.  The  symptoms  do 
not  depend  on  the  auricular  rate  alone,  for  the  auricles  may  be  found 
at  320  and  the  patient  may  not  be  aware  of  serious  trouble,  or  the  auricles 
may  be  dilated  and  functionally  inactive  (fibrillation)  yet  with  good 
cardiac  compensation  and  with  little  or  no  discomfort.  Symptoms  are 
further  confused  by  disease  to  which  the  flutter  is  incidental  or  terminal, 
as  in  mitral  disease,  arteriosclerosis,  or  chronic  nephritis.     In  such  cases 
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flutter  is  clearly  a  manifestation  of  serious  nutritional  disturbance  in 
the  auricular  wall  and  should  be  regarded  only  as  a  symptom  worthy  of 
relief. 

Flutter  cases  may  be  conveniently  classified  as  paroxysmal  or 
chronic,  depending  on  the  duration  of  the  disorder.  We  use  the  term 
"paroxysmal"  in  cases  in  which  the  normal  rhythm  is  restored  between 
attacks  lasting  a  few  hours  or  days  and  "chronic"  when  the  condition 
tends  to  persist. 

Paroxysmal  flutter  is  not  clearly  defined  from  auricular  paroxysmal 
tachycardia,  as  before  mentioned.  We  have  observed  it  only  as  a 
disorder  incidental  to  evident  myocardial  disease;  it  is  serious  because 
of  the  great  strain  on  the  myocardium.  Short  paroxysms  of  flutter 
occur  in  which  the  auricular  rate  is  between  200  and  380  and  the  ven- 
tricular rate  bears  a  definite  or  indefinite  ratio  to  the  auricular.  The 
attack  gives  symptoms  of  cardiac  embarrassment  varying  in  degree 
with  the  cardiac  compensation  and  the  length  of  the  attack.  Palpita- 
tion, tachycardia,  flushing,  breathlessness,  weakness,  flatulence,  pallor, 
vertigo,  polyuria,  faintness,  and  syncope  come  on  as  the  attack  pro- 
gresses, though  sudden  relief  may  come  at  any  time  from  cessation  of 
the  attack.  We  have  seen,  alternately,  attacks  of  flutter  and  fibrillation 
in  the  same  patient. 

Chronic  flutter  should  always  be  recognized,  for  it  can  usually  be 
relieved.  The  flutter  lasts  for  long  periods,  for  weeks  or  even  years, 
and  can  be  detected  by  proper  tracings  at  any  time  during  its  course. 
The  ordinary  at] riculo ventricular  ratio  is  8-1  and  the  pulse  is  usually 
100  to  180,  but  any  degree  of  block  may  exist.  The  pulse,  therefore, 
may  vary  from  idioventricular  rhythm,  32,  to  the  full  auricuUr  rate,  320. 

The  most  constant  symptoms  in  our  cases  have  been  persistent  and 
obscure  tachycardia  and  weakness.  Most  of  the  patients  are  subject  to 
"weak  spells"^ — violent  paroxysmal  attacks  of  tachycardia  with  acute 
cardiac  insufEciency  brought  on  usually  by  exertion  and  by  stopping 
suddenly.  In  such  paroxysms  the  ventricles  assume  or  approximate 
the  auricuUr  rate.  Certain  patients  have  described  it  as  "a  feeling 
like  a  bird  fluttering  in  the  chest,"  which  is  probably  a  fairly  charac- 
teristic sensation.  An  occasional  patient  is  very  little  inconvenienced 
by  the  paroxysm  and  in  such  instances  the  trouble  is  most  likely  to  be 
overlooked. 

Objectively,  the  heart  may  be  normal  except  for  weak  sounds  and 
a  tick-tack  rhythm.     Usually  there  is  a  tachycardia  more  or  less  marked. 
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and  often  there  is  mitral  stenosis.  In  one-half  of  our  cases  the  pulse 
has  been  regular  and  in  the  others  markedly  irregular,  owing  to  regular 
or  irregular  conduction  through  the  auriculoventricular  bundle.  Rapid, 
regular  venous  pulsation  in  the  neck  is  indicative  of  the  disorder;  and 
any  patient  more  than  thirty  years  of  age  with  a  tachycardia  unac- 
counted for,  and  particularly  if  he  is  subject  to  "weak  spells,"  should 
be  under  suspicion. 

Va^al  Pressure. — In  certain  cases  vagal  pressure  will  promptly 
reduce  the  ventricular  rate  by  increasing  the  degree  of  block;  but  the 
auricular  rate  is  not  affected  by  this  procedure,  contrasting  sharply  with 
the  cases  of  auricular  tachycardia  in  which  sinus  rhythm  is  suddenly 
restored  by  vagal  pressure.  The  slowing  of  the  ventricle  is  but  transi- 
tory, and  is  recognized  as  due  to  increasing  the  degree  of  block  tem- 
porarily by  causing  vagal  depression  of  the  auriculoventricular  bundle. 

The  diagnosis  rests  finally  on  graphic  tracings,  and  we  believe  the 
electrocardiograph  to  be  far  the  most  satisfactory.  While  we  disclaim 
expert  knowledge  of  the  polygraph,  we  feel  sure  that  the  findings  with 
this  instrument  may  easily  be  misinterpreted  and  are  not  invariably 
conclusive. 

Summary  of  Cases 

Following  is  a  brief  summary  emphasizing  the  interesting  features 


Case  119641. — A  man,  aged  thirty-nine  years,  came  for  examination 
November  24, 1914.  He  had  suffered  with  hay-fever  for  years,  and  with 
asthma  during  the  past  year.  He  came  to  the  clinic  during  a  paroxysm 
of  tachycardia  which  had  existed  for  two  days.  The  pulse  was  212 
constantly,  with  marked  evidence  of  cardiac  embarrassment.  These 
attacks  had  occurred  twice  within  the  year  and  had  lasted  six  and  eight 
days,  beginning  and  terminating  abruptly.  He  was  unable  to  retain 
any  medicine,  and  in  spite  of  the  treatment  died  on  the  fifth  day  of  his 
attack,  three  days  after  his  arrival.  Before  death  the  heart  was  greatly 
dilated  and  the  pulse  varied  instantly  from  slow  to  rapid  rhythm.  No 
tracings  were  possible  after  the  first  day.  No  valvular  lesion  was 
demonstrated  clinically  or  pathologically. 

Case  142236. — A  man,  aged  fifty-five  years,  was  admitted  to  the  clinic 
September  28,  1915.  The  patient  had  been  subject  to  "grippe,"  and 
five  years  before  coming  for  examination  had  noticed  dyspnea  and  spells 
of  syncope  with  sudden  onset.  He  would  fait  whenever  and  wherever 
the  spells  came  on.  At  this  time  he  rested  six  weeks  and  improved. 
One  year  later  (July,  1913)  he  had  another  attack  which  lasted  six  weeks 
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and  which  necessitated  two  weeks  in  bed.  April,  1914,  another  attack 
lasted  a  month,  after  which  his  health  was  good  until  July  7,  1915,  when 
a  sudden  attack  came  on  while  he  was  eating  supper.     This  had  per- 
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sisted  since  with  violent  attacks  of  syncope.  During  the  first  examina- 
tion in  the  clinic  the  patient  suddenly  went  into  collapse.  He  became 
cyanotic,  pulseless,  and  unconscious;  there  were  extreme  pallor  and  cold 
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sweat.  Death  seemed  imminent,  when  the  idea  of  vagal  pressure  sud- 
denly occurred  to  one  of  us.  Pressure  on  the  right  vagus  suddenly 
reduced  the  pulse-rate  (see  cardiograms  of  similar  pressure  in  another 
attack)  to  about  55,  with  prompt  recovery  of  consciousness.  Fibrilla- 
tion was  induced  three  times  during  two  months  by  digitalis  therapy, 
only  to  have  the  flutter  recur  after  its  discontinuance.  The  patient's 
fortitude  in  attempting  a  fourth  course  of  treatment  was  rewarded  by  a 
return  to  a  sinus  rhythm  on  Christmas  eve,  and  eighteen  months  later 
he  reported  that  he  was  doing  light  farm  work.  The  heart  was  normal 
objectively  between  attacks  except  for  occasional  auricular  extrasy stoles. 

Case  142802. — A  woman,  aged  thirty-two  years,  was  admitted  to  the 
clinic  October  6,  1915.     She  had  had  repeated  tonsillitis  and  a  probable 


exophthalmic  goiter.  She  came  for  relief  from  biliary  colic.  For  several 
months  she  had  been  conscious  of  a  "fluttering  heart"  and  had  had 
several  spells  of  violent  palpitation,  usually  following  exertion.  Elec- 
trocardiograms showed  a  320-160  rate  ordinarily.  While  under  obser- 
vation she  came  into  the  oSice  with  a  ventricular  rate  of  320  {counted 
by  stethoscope)  during  a  paroxysmal  attack,  lasting  nearly  two  hours. 
She  had  walked  several  blocks  to  the  office  and  was  not  sufliciently 
inconvenienced  during  the  first  hour  to  make  complaint.  The  rapidity 
was  discovered  on  examination,  when  the  ventricular  rate  was  found  to 
have  fallen  to  300.  She  walked  up  one  flight  of  stairs  for  a  cardiographic 
examination  during  the  attack,  which  stopped  suddenly  while  the 
examination  was  in  progress  and  the  usual  2-1  rhythm  was  reestablished. 
This  case  is  unique  in  that  it  is  the  fastest  human  ventricular  rate  yet 
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recorded.  The  patient  said  she  had  suffered  from  such  attacks  repeat- 
edly and  that  the  present  attack  was  milder  than  many  of  the  others. 

Under  digitalis  medication,  fibrillation  was  induced,  but  on  its  with- 
drawal flutter  returned.  A  second  trial  resulted  similarly;  a  third 
attempt  was  made,  and  the  patient  while  fibrillating  was  referred  for 
cholecystectomy,  which  was  successfully  accomplished.  A  sinus  rhythm 
was  established  some  days  later  (rate  180)  and  persisted  for  four  months, 
until  the  flutter  returned  following  heavy  work  cleaning  house.  We 
obtained  Further  tracings  May  1,  1016,  showing  flutter,  but  the  patient 
could  not  remain  for  treatment. 

This  case  had  been  diagnosed  as  exophthalmic  goiter  before  the 
patient  came  to  us  and  she  was  anxious  to  have  a  thyroidectomy.     We 


wished  to  defer  operation  on  account  of  the  heart  condition  and  the 
questionable  diagnosi.s  of  hyperthyroidism,  and  thyroidectomy  was 
performed  elsewhere  (November,  1916).  Pathologic  examination  of 
the  tissue,  whict)  the  surgeon  kindly  sent  to  us,  showed  the  typical 
hyperplastic  changes  of  exophthalmic  goiter.  The  patient  reports  a 
pulse  practically  normal  and  health  restored  since  operation. 

Case  145990.— A  woman,  aged  forty-one  years,  came  for  examination 
March  21,  1916.  The  patient  had  had  tonsillitis  re|)eatedly.  She  had 
had  the  classic  symptoms  of  exophthalmic  goiter  for  four  years.  Three 
months  previously  ligations  had  been  done  in  the  clinic.  No  cardiac 
disorder  was  then  suspected.  On  returning  for  thyroidectomy  she  was 
prostrated  by  a  prolonged  paroxysm  of  tachycardia.  The  cardiogram 
revealed  flutter.     She  was  treated  with  digitalis,  and  thyroidectomy  was 
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done  while  the  heart  was  fibrillating.  Sinus  rhythm  was  restored  soon 
after  operation.  She  gave  the  interesting  history  of  a  prolonged 
paroxysm  of  tachycardia  the  year  before,  during  which  syncope  was  so 
complete  that  she  was  thought  to  be  dead.  August  10, 1917,  the  patient 
reported  marked  improvement  in  general  health  and  no  more  spells  of 
tachycardia. 

Case  14615S. — A  man,  aged  twenty-six  years,  entered  theclinic  March 
18,  1916,  There  was  no  history  of  previous  infections,  except  typhoid  in 
1912.  The  tonsils  appeared  large  and  unhealthy.  Classic  exophthalmic 
goiter  with  symptoms  had  existed  for  nine  years;  relatively  mild  symp- 
toms until  the  last  two  years.  He  had  had  three  spells  of  vomiting  and 
prostration,  probably  due  to  flutter.    The  heart  action  had  been  irregu- 


FiM.  I3S  IISBMT).— I.  «-]  flutlFTif.  Ghiillatian  *ith  Fonplete  h«rt  b[ock  unikr  digiUlU. 

lar  and  rapid,  but  no  record  was  taken  before  the  ligations  were  done 
here  November  26,  1915.  .\t  the  present  examination  the  cardiogram 
showed  typical  auricular  flutter.  Heavy  digitalis  medication,  29  c.c.  in 
ten  days,  brought  on  fibrillation.  Thyroidectomy  was  performed  April 
10,  1917,  and  sinus  rhythm  was  restored  shortly  afCer.  The  patient 
reports,  August  7,  1917,  "I  have  forgotten  all  about  my  heart." 

Case  168507. — A  man,  aged  forty-three  years,  was  examined  August 
9,  1916.  The  patient  gave  a  history  of  typhoid  and  he  was  subject  to 
tonsillitis.  He  came  to  the  clinic  because  of  recurrent  attacks  of  appen- 
dicitis. He  appeared  healthy.  .4  cardiograpliic  examination  was  made 
on  account  of  the  irregular  pulse.  After  discovering  the  flutter  we 
eUcited  a  good  history  of  sudden  attacks  of  mild  syncope  with  rapid 
heart  action,  brought  on  by  marked  exertion  during  the  previous  five 
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years.  Mild  chronic  dyspnea  was  also  admitted.  The  patient  was 
treated  thirty  days,  taking  100  c.c.  of  digitol  before  complete  heart  block 
and  fibrillation  were  induced.  He  left  us  then,  but  be  has  reported 
through  his  brother  (August  12,  1917)  that  he  feels  well.  The  appendix 
has  not  been  removed. 

Case  158953. — A  man,  aged  sixty-one  years,  was  examined  May  5, 
1916.  Twelve  months  before  admission,  following  grip  and  mumps,  the 
patient  had  had  "nervous  prostration,"  chief  symptoms,  nervousness, 
weakness,  and  palpitation.  His  physician  told  him  the  rapid  pulse  was 
due  to  "nervousness."  November,  1915,  there  was  again  a  sudden  onset 
of  rapid  heart  and  weakness  which  has  persisted  to  date.  He  had  "  weak 
spells"  and  was  dizzy.     With  rapidity  of  the  heart  hoarseness  was  no- 


ticed. He  was  treated  with  69  c.c.  of  digitalis  twenty-three  days  before 
the  onset  of  fibrillation.  Flutter  recurred  and  the  treatment  was  again 
instituted  for  a  few  days  until  the  onset  of  fibrillation.  A  few  days  later 
there  was  a  second  recurrence  of  Sutter  and  again  fibrillation  was  induced 
by  digitalis.  Tonsillectomy  was  performed  July  10  without  incident. 
The  patient  continued  fibrillation  without  cardiac  symptoms  up  to  the 
last  report.  From  subjective  sensations  he  was  able  to  say  accurately 
whether  flutter  or  fibrillation  was  present.  No  evidence  of  cardiac 
hypertrophy  or  valvular  disease  was  obtainable  at  any  time. 

Case  161186. — A  man,  aged  seventy-five  years,  a  feeble,  stiff,  fat  old 
man  with  marked  sclerosis  of  the  peripheral  vessels  and  evident  cardiac 
insufficiency,  was  examined  May  31,  1916.     He  dated  rheumatic  symp- 
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toms  back  to  rheumatic  fever  twelve  years  and  four  years  previously. 
Dropsy  had  been  noted  for  a  year,  but  not  much  dyspnea  or  palpita- 
tion, probably  because  the  rheumatism  made  exertion  difficult.  Blood- 
pressure  170-82  and  pulse  varying  from  44  to  68,  indicating  impaired 
auric ulo ventricular  conduction.  There  was  no  valvular  disease  evident 
and  the  heart  was  not  definitely  large.  Treatment  by  rest  and  digitalis 
at  home  was  recommended. 

Case  9S324. — A  woman,  aged  thirty-nine  years,  was  admitted  for  ex- 
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amination  July  12,  1916.  Definite  exophthalmic  goiter;  Hgation  per- 
formed in  the  clinic  October,  1913.  At  this  time  the  pulse  was  regular, 
95  to  118,  and  the  heart  greatly  dilated.  Thyroidectomy  was  performed 
February,  1914,  after  marked  improvement  in  the  heart  condition. 
The  patient  returned  the  second  time  for  observation.  All  of  the  pre- 
vious winter  she  suffered  from  frequent  colds  and  grip.  There  was 
no  history  of  syncope.     The  first  cardiogram  taken  showed  flutter  with 
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2-1  rhythm,  ventricular  rate  196,     Fibrillation  was  readily  brought  on 
with  digitalis  and  continued  during  fifty-six  days  of  observation. 


wjtb  forty-Gv«4«caiid  \a 


Case  130119,— A  man,  aged  fifty-two  years,  was  admitted  for  exami- 
nation February  17,  1917.     The  patient  had  been  operated  on  in  the 
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clinic  May  6,  1915,  under  local  anesthesia  for  a  small  cyst  of  the  tongue, 
but  no  general  examination  had  been  made  at  that  time.  The  patient  was 
very  obese,  with  evident  marked  cardiac  insufficiency,  and  the  roentgen 
ray  showed  diffuse  dilatation  of  the  aorta  and  the  heart  greatly  enlarged. 
Dyspnea  had  been  noted  for  twelve  years,  but  marked  cardiac  insuf- 
ficiency followed  grip  last  fall.  The  cardiogram  showed  flutter.  The  pa- 
tient died  suddenly  on  the  fourth  day  in  a  coughing  attack.  Necropsy 
revealed  a  fatty,  dilated  heart  and  fatty  sclerosis  and  dilatation  of  the 
aorta. 

Case  195883. — A  woman,  aged  forty-three  years,  was  admitted  for  ex- 
amination July  1,  1917.  The  patient  was  subject  to  grip.  She  had  had 
10  children.  The  rapid  heart  action  had  been  first  noticed  fourteen 
years  previously  during  pregnancy.  There  had  been  palpitation  since 
on  exertion,  and  last  year  there  were  repeated  spells  of  very  rapid  heart 
action  with  palpitation.     Objectively  the  patient  showed  marked  tachy- 


Fig.  ]3T  (I30II9).— Auricul«i  fluttfr;  lurlcular  ntr  *»:  wnlricul..  roU  IW. 

cardia  (192).  Pressure  on  the  right  vagus  immediately  slowed  the 
pulse  to  about  60;  releasing  the  pressure  permitted  the  pulse  to  go  back 
to  192.  She  was  treated  with  large  doses  of  digitalis,  and  fibrillation 
was  brought  on  in  a  few  days.  Fibrillation  continued  since.  A  slon'er 
pulse  is  definite  evidence  of  double  mitral  lesion. 

Case  187575. — A  man,  aged  forty-five  years,  was  admitted  for  exami- 
nation March  8, 1917.  Hehad  had  typhoid  twenty-  seven  years  previously. 
For  two  years  he  had  been  subject  to  attacks  of  dyspnea  and  pain  in  the 
precordium  radiating  to  the  epigastrium.  Worse  attacks  lasted  one-half 
hour,  causing  complete  incapacity.  The  heart  enlarged  objectively  but 
no  valvular  defect  was  noted.  The  electrocardiogram  showed  typical 
flutter,  auricles  224,  ventricles  112.  The  second  examination  showed 
ventricles  224,  and  a  1-1  rhythm.  The  patient  was  unable  to  remain 
for  treatment. 

Case  192S92. — A  man,  aged  thirty-seven  years,  was  admitted  for  ex- 
amination August  25, 1917.  He  gave  a  history  of  a  questionable  sore  on 
the  penis  at  the  age  of  seventeen,  but  we  were  unable  to  establish  syphilis 
on  a  most  searching  investigation.     Apparently  the  roan  was  strong  and 
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healthy.  There  had  been  mild  dyspnea  on  exertion  for  two  years,  but 
no  definite  attacks.  A  month  previously  a  sudden  syncope  followed 
very  heavy  lifting  and  the  "right  arm  went  dead  for  a  little  while." 
The  heart  was  objectively  negative  except  for  a  slow  pulse  (46).  The 
electrocardiogram  showed  flutter,  auricles  225  and  ventricles  46.  To 
rule  out  syphilis  a  therapeutic  test  was  given,  with  no  result  after  thiee 
weeks  of  treatment.  Digitalis  was  started  and  the  next  morning  a 
second  cardiogram  showed  a  sinus  rhythm  with  complete  disassociation 
of  ventricles  (46)  and  auricles  (72).  The  digitalis  was  stopped  at  once. 
The  condition  had  persisted  since  (three  months).  No  further  medica- 
tion was  used  except  potassium  iodid  for  empirical  reasons.  The  patient 
suffered  no  subjective  inconvenience  and  had  no  evidences  of  a  Stokes- 
Adams  syndrome. 


Case  145519. — A  thin,  asthenic  woman,  aged  thirty  years,  was  ad- 
mitted for  examination  August  2, 1917.  Following  pneumonia  five  years 
previously  she  had  suffered  with  repeated  weak  spells  associated  with 
rapid  heart  action.  The  pulse  was  always  rapid,  and  at  the  examination 
averaged  133.  Electrocardiogram  showed  auricular  flutter,  auricles 
266,  ventricles  133.     This  patient  is  to  return  for  treatment. 

Case  204974.^ — A  man,  aged  thirty -seven  years,  was  admitted  for  ex- 
amination August  17,  1917.  The  patient  had  been  asthmatic  all  his  life, 
but  we  were  unable  to  elicit  a  history  of  previous  infection.  He  was  a 
laborer  and  looked  robust.  The  heart  had  been  very  rapid  for  three 
years  when  at  work,  but  there  was  no  history  of  weak  spells.  He  was 
prepared  for  a  cardiogram  on  account  of  irregular  pulse.  Auricles  258. 
Ventricles  172.     This  patient  is  to  return  for  treatment. 
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Case  803875. — A  thin  man,  aged  fifty-two  years,  was  admitted  for 
examination  August  fl,  1917,  He  was  subject  to  colds.  Eight  years 
previously  he  had  an  attack  called  "bilious"  for  three  weeks.  The 
muscles  were  contracted  and  there  were  debility  and  weakness,  with 
sudden  onset.  Morphin  relieved  the  attack.  Since  then  repeated 
lighter  "bilious  spells"  occurred  and  morphin  was  given  to  prevent  the 
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Spasm.  These  attacks  occurred  at  intervals  of  weeks  or  months. 
Podophyllum  or  morphin  relieved  the  attacks.  There  was  mild  chronic 
dyspnea  and  the  electrocardiogram  showed  flutter.  The  patient  con- 
tinued under  treatment. 

Treatment  and  Results. — As  Lewis  has  shown,  digitalis  has  proved 
to  be  the  sovereign  remedy  in  cases  of  flutter.     We  have  used  the  drug 
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in  large  doses,  aad  have  treated  ten  patients,  not  counting  the  two  who 
were  moribund  and  who  died  before  any  effect  of  medication  was  pos- 
sible. Two  patients  (Cases  IS1186  and  192392)  were  not  treated  for 
obvious  reasons,  and  two  {Cases  2CM>974  and  187575)  were  unable  to 
stay  for  treatment. 

The  amounts  of  digitalis  administered  and  a  summary  of  the  results 
are  given  in  the  accompanying  table.  All  the  patients  were  in  the 
hospital  at  complete  rest  during  the  digitalis  medication.  Digitalis 
broke  the  flutter  in  all  ten  patients,  and  four  finally  resumed  and  held 
a  normal  rhythm.  The  others  were  markedly  improved  subjectively 
'  by  the  onset  of  fibrillation. 
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The  most  important  point  in  the  treatment  is  to  use  enough  digitalis. 
We  have  run  up  the  dose  rapidly  to  the  physiologic  tolerance  of  the 
patient.  Our  maximum  dosage  was  10.5  c.c.  daily  for  ten  days  before 
toxic  effects  were  evident.  We  have  seen  no  bad  results  from  such 
massive  dosage  except  the  temporary  toxic  symptoms,  and  we  feel  sure 
that  most  patients  require  massive  dosage  to  obtain  the  desired  result. 
Further,  we  have  found  better  results  from  pushing  the  drug  to  physi- 
ologic complete  block  if  the  patient  tolerates  it  to  this  point;  that  is, 
far  beyond  the  point  of  fibrillation  in  most  instances.  In  all  our  patients 
we  have  produced  marked  poisoning  before  discontinuing  the  drug. 
In  the  four  cured  patients  we  repeatedly  had  the  fibrillation  break  back 
to  a  flutter  until  digitalis  poisoning  was  produced. 

The  after-treatment  is  important.  We  discontinue  medication  for 
cured  patients,  but  have  advised  in  flbrillation  cases  that  digitalis  be 
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used,  if  necessary,  to  keep  the  pulse  averaging  below  80  when  at  rest. 
The  usual  general  advice  to  cardiopaths  should  always  be  emphasized. 

Operabiliiy. — One  operation  is  reported  in  the  literature — a  death 
on  the  table  under  chloroform  anesthesia  attributed  to  flutter.  We 
believe  that  if  surgical  treatment  is  indicated,  particularly  the  removal 
of  a  probable  source  of  infection  or  toxemia,  the  risk  should  be  accepted. 
All  operations  have  been  performed  after  inducing  fibrillation  by  digitalis 
and  while  the  patient  was  under  medication.  We  have  been  careful 
not  to  have  atropin  administered  before  operation,  since  this  would 
temporarily  abolish  the  vagus  stimulation  of  the  digitalis. 

Three  of  our  patients  had  exophthalmic  goiter,  and  in  two  of  these 
sinus  rhythm  and  apparently  normal  health  were  regained  after  thy- 
roidectomy. The  third  was  a  bad  cardiopath,  but  sinus  rhythm  was 
restored,  though  the  patient  still  has  some  symptoms  of  cardiac  insuf- 
ficiency. 

Removal  of  the  tonsils  seemed  advisable  in  ca^es  in  which  there  was 
evident  focal  infection,  and  this  was  done  in  two  instances:  One  patient 
improved  greatly;  the  other  is  subjectively  cured.  Cholecystectomy 
was  done  in  one  case. 

Summary 

Auricular  flutter  occurs  as  a  mechanical  disorder  in  certain  diseased 
hearts,  and  in  our  experience  has  been  most  frequently  associated  with 
exophthalmic  goiter. 

The  paroxysmal  attacks  noted  in  14  of  our  16  cases  are  dangerous  to 
health  and  even  to  life.  Two  patients  died  in  such  attacks  and  two 
others  appeared  so  nearly  dead  as  to  deceive  competent  observers.  The 
patient  with  flutter  is  always  in  danger  of  such  attacks.  He  should 
always  have  the  disorder  arrested  as  soon  as  possible  after  its  discovery. 

In  our  experience  efBcient  treatment  may  be  relied  on  to  cause  the 
onset  of  fibrillation  and  greatly  to  relieve  the  patient.  None  of  our 
patients  is  known  to  have  had  a  recurrence  of  flutter  after  his  dismissal. 

Three  patients  were  operated  on  under  ether  anesthesia  for  exoph- 
thalmic goiter  after  fibrillation  was  established,  and  one  of  these  and 
one  other  have  had  tonsillectomies  (local  anesthesia)  performed  without 
incident.     Cholecystectomy  has  been  performed  in  one  case. 

All  of  the  10  treated  patients  are  ahve  and  much  improved  or  cured 
with  treatment.  Five  report  that  they  cannot  detect  any  cardiac 
symptoms. 
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General  impressions  of  operative  risk  in  cardiac  disease  are  scattered 
throughout  literature,  but  we  have  been  unable  to  find  any  summary 
of  results  in  a  given  series  of  cases.  The  failure  to  report  such  results 
must  be  due  largely  to  two  reasons:  First,  the  difficulty  of  accurately 
classifying  cardiopaths  into  similar  groups;  and,  second,  because  in 
ordinary  work  few  observers  have  an  opportunity  to  study  any  series  of 
such  patients  needing  surgical  treatment.  These  reasons  are  sufficient 
to  make  us  feel  some  temerity  in  reporting  a  series  of  such  cases,  and 
yet  we  feel  that  such  a  report  may  throw  some  light  on  the  subject. 

Experience  here  has  taught  us  that  the  best  measure  of  operative 
risk  in  cardiac  disease  is  a  good  clinical  impression  of  the  patient's 
ability  to  stand  physical  strain;  added,  of  course,  to  a  good  history  and 
a  physical  examination.  Cases  in  which  the  heart  permits  the  patient 
to  go  about,  or  in  which  it  can  be  sufficiently  restored  by  treatment  to 
allow  this,  usuaUy  have  been  considered  safe  for  operation.  The  "goiter 
heart,"  the  "fibroid  heart,"  the  "prostate  heart,"  etc.,  are  often  so 
remarkably  improved  following  operation  as  fully  to  justify  the  risk. 
Cardiac  disease  due  to  focal  infection,  particularly  tonsillitis  and  rheu- 
matism, often  shows  the  same  happy  result  following  the  removal  of 
the  focus.  A  malignant  condition  complicating  heart  disease  is  con- 
sidered operable  if  a  fair  hope  of  cure  is  offered,  and  palliative  operations 
are  often  indicated  in  such  cases.  In  very  few  instances  in  which  there 
was  urgent  need  of  operation  has  it  been  refused  on  account  of  the  cardiac 
ctmdition,  though  in  many  the  operation  has  been  undertaken  only  after 
preliminary  medical  treatment.  The  decision  in  each  case  is  based  on 
several  factors:  (1)  The  immediate  operative  risk;  (2)  the  probable 
improvement  of  the  condition  of  the  heart  following  operation;  (3)  the 
patient's  relative  chance  for  length  of  life  or  general  health,  with  and 
without  operation;  and  (4)  in  less  serious  conditions,  whether  the 
operative  relief  will  justify  the  increased  risk. 

•  Reprinted  from  Jour.  Am,  Med.  Assn..  1917,  Ixix.  «01l-«Dlt. 
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Our  experience  in  general  has  justified  taking  risks  in  cases  demand- 
ing surgical  intervention. 

A  rational  classification  of  cardiac  risks  on  a  basis  of  valvular  disease 
alone  is  impossible.  Valvular  disease,  with  myocardial  compensation 
sufficient  to  allow  marked  exertion,  does  not  increase  operative  risk; 
with  reasonably  good  compensation,  allowing  moderate  exertion  with 
comfort,  the  risk  is  not  greatly  increased,  that  is,  a  mitral  stenosis  may 
be  slight  and  not  increase  the  risk;  with  moderately  good  compensation 
the  risk  is  not  great,  whereas  with  a  very  badly  damaged  myocardium 
it  may  be  greatly  increased.  Similarly  an  aortic  lesion  without  cardiac 
symptoms  is  easily  operable,  whereas  the  heart  would  not  be  considered 
operable  if  there  was  marked  an^na  associated  with  the  lesion.  Mani- 
festly the  presence  of  valvular  disease  alone  gives  a  poor  basis  for 
grouping  similar  cases. 

A  classification  based  on  attempts  to  measure  the  cardiac  reserve  is 
also  impossible  since  we  have  no  accurate  means  of  measuring  it,  and 
clinical  impressions  are  variable.  Angina  pectoris,  aortic  valvular 
disease  with  pain,  and  aortitis  with  dilated  aorta,  are  universally  recog- 
nized as  marked  contraindications  to  operative  interference,  but  the 
risk  in  such  cases  is  variable  and  so  few  patients  have  been  operated  on 
that  a  correct  statement  of  the  risk  is  impossible. 

Recent  advances  in  cardiac  study,  particularly  of  the  electrocardio- 
graph, have  given  opportunity  for  better  classification.  We  have 
studied  results  in  four  groups  of  cases  of  disordered  cardiac  mechanisms 
that  are  universally  recognized  as  bad  risks — the  worst  groups  of  risks, 
if  we  except  angina  pectoris  and  allied  conditions.  These  groups  are: 
(1)  Auricular  fibrillation;  (2)  auricular  flutter;  (3)  impaired  auriculo- 
ventricular  conduction,  and  (4)  impaired  intraventricular  conduction. 
No  clinician  will  take  exception  to  the  statement  that  these  disorders 
include  the  worst  of  cardiac  risks;  they  give  definite  objective  findings 
and  are  accompanied  usually  by  extensive  myocardial  damage.  A 
history  showing  any  such  cardiac  disorder  should  always  be  very  care- 
fully considered. 

We  did  not  have  an  opportunity  to  examine  before  operation  all  the 
patients  having  cardiac  trouble,  and  therefore  selected  only  those  who 
had  had  electrocardiograms  taken  since  August,  19H.  These  represent 
the  larger  number  of  surgical  cases  in  which  cardiac  disease  was  a  com- 
plication. Undoubtedly  a  few  patients  were  so  obviously  in  a  bad 
condition  that  the  clinician  did  not  consider  a  complete  examination 
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necessary  (that  is,  an  electrocardiogram)  aad  sent  then)  home.  If  mori- 
bund patients  and  those  bedridden  by  heart  disease  are  excepted,  our 
nummary  is  a  fair  average  of  patients  in  whom  cardiac  operative  risk  is 
necessarily  gravely  considered.  As  we  have  mentioned,  angina  pectoris 
has  not  been  included  in  the  series  because  no  evident  grounds  for  group- 
ing similar  cases  are  apparent,  and  patients  suffering  severely  from  the 
condition  are  rarely  considered  operable. 

Auricular  Fibrillation 

The  mechanism  of  this  disorder  is  now  known  to  be  rapid,  inco- 
ordinate contractions  of  individual  muscle-bundles  of  the  auricular 
wall.that  is,  fibrillary  twitchings,  descriptively  called  "fibrillation."  The 
pumping  function  of  the  auricle  is  lost;  it  becomes  a  dilated  organ, 
acting  only  as  a  reservoir  in  the  circulation.  The  condition  is  charac- 
terized in  the  larger  number  of  cases  by  a  totally  arrhythmic  pulse  and 
often  by  a  marked  tachycardia.  Usually  fibrillation  is  a  permanent 
cardiac  disorder,  though  in  a  definite  percentage  of  cases  it  is  paroxysmal, 
with  an  established  sinus  rhythm  between  attacks. 

Exophthalmic  goiter. — Extensive  experience  with  hyperplastic  toxic 
(exophthalmic)  goiter  makes  it  evident  that  fibrillation  is  an  end  result 
of  the  disease  toxin  on  the  myocardium.  The  fibrillation  is  found  in 
young  patients  when  the  toxemia  is  severe  and  has  continued  a  long 
time.  It  is  usually  much  less  frequent  under  than  above  the  age  of 
forty. 

We  have  recorded  9  patients  under  thirty  years  of  age,  the  youngest 
twenty-one;  and  12  between  thirty  and  forty  years  of  age,  a  total  of 
41  patients  under  forty  years.  This  group  comprises  the  worst  risks. 
Usually  the  myocardiums  of  young  patients  stand  strain  well,  yet  they 
have  given  out,  and  this  is  evidence  of  extreme  toxemia  and  stress.  A 
high  mortality  should  be  expected.  One  patient  died  following  a  Porter 
hot-water  injection;  8  died  in  from  four  to  six  weeks  at  home  (reported 
as  1  cardiac  death,  2  due  to  pneumonia);  2  died  eight  and  fift«en 
months  following  thyroidectomy;  that  is,  6  of  21  patients  died  within 
fifteen  months.  We  have  recently  heard  from  11  of  the  15  remaining 
patients.  Five  report  that  they  are  almost  or  completely  well,  and  6 
report  definite  to  marked  improvement.  To  recapitulate,  of  21  patients 
under  forty  years  of  age  with  fibrillation  due  to  exophthalmic  goiter, 
one-third  are  well,  one-third  are  improved  definitely  to  markedly,  and 
one-third  are  dead. 
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In  older  patients — more  than  forty  years  old^it  is  expected  that 
the  myocardium  wil)  break  down  more  easily,  and  that  it  will  show  poorer 
recuperative  power.  We  have  recorded  49  patients  more  than  forty 
years  of  age  with  fibrillation,  and  have  recently  heard  from  21  of  them. 
Three  are  dead:  1  an  operative  mortality,  1  died  six  years  after  thyroid- 
ectomy, and  fifteen  months  after  a  radical  operation  on  the  breast  for  car- 
cinoma (fibrillation  clinically  eleven  years) ;  and  1  died  in  nine  months 
from  "heart  failure."  Eighteen  of  the  series  report  as  follows:  13  are 
much  or  completely  relieved  of  cardiac  symptoms;  4  are  definitely  im- 
proved though  still  cardiopaths;  and  1  reports  questionable  improve- 
ment. 

The  gross  operative  mortality  of  70  cases  of  fibrillation  associated 
with  exophthalmic  goiter  is  2  deaths,  or  2.8  per  cent,  which  compares 
very  favorably  with  the  present  normal  operative  mortality  of  2.6  per 
cent. 

Thyrotoxic  adenomaa. — ^This  group  represents  the  typical  "Kropf- 
herz"  of  Kocher,  the  "goiter  heart."  Clinical  observation  has  long 
shown  that  certain  patients  with  "simple  goiter"  after  years  of  good 
health  gradually  develop  thyrotoxic  symptoms  and  cardiac  disease.  A 
considerable  percentage  of  such  patients  later  show  auricular  fibrillation ; 
in  17  cases  of  fibrillation  there  was  1  operative  death  and  2  deaths  in 
nine  and  twenty-three  months  respectively.  Seven  other  patients  have 
been  heard  from;  4  are  almost  or  completely  well;  2  are  definitely 
improved,  and  1  is  questionably  improved. 

Work  on  basal  metabolism  has  shown  that  these  patients  have  a  con- 
stantly high  metabolic  rate,  comparable  to  that  of  typical  exophthalmic 
goiter.  This,  with  the  similar  myocardial  damage  and  the  remarkable 
cardiac  improvement  in  most  cases  after  operation,  makes  the  operative 
risk  well  worth  while,  and  much  less  than  is  generally  believed. 

Other  diaeaaea. — There  were  9  cases  of  fibrillation  in  patients  less  than 
forty  years  of  age  and  16  more  than  forty,  a  total  of  25.  The  operations 
have  been  as  follows:  9  tonsillectomies,  4  excisions  of  epitheliomas 
(2  lower  lip,  1  gland  of  the  neck,  1  larynx),  I  excision  of  a  gland  of  the 
neck  for  diagnosis  (sarcoma),  S  cholecystectomies  and  appendectomies. 
S  gastro-enterostomies,  2  for  ulcer,  1  for  careinomatous  obstruction, 
1  Talma-Morrison,  I  herniotomy,  1  cataract  extraction,  I  suprapubic 
stab,  and  1  cauterization  of  urethral  caruncle.  There  were  two  early 
fatalities,  one  a  postoperative  death  due  to  decompensation  in  the  case 
of  suprapubic  stab,  and   I   from  cholangitis  following  a  gallbladder 


cy  Google 


4S0  J.  M.  BL.*OKFORD,  F.  A,  WILLIUS,  AND  S.  B.  HAINES 

operation.  One  patient  died  a  eardiac  death  nine  months  after  ton- 
sillectomy. Three  others  are  dead,  1  death  being  reported  as  due  to 
paralysis,  1  as  due  to  peritonitis,  and  1  as  due  to  sarcoma.  This  makes 
6  deaths  in  the  25  cases,  only  8  of  which  were  due  to  the  cardiac  con- 
dition. In  recent  reports  from  11  patients  all  but  1  say  they  are  defi- 
nitely to  markedly  improved  as  regards  the  cardiac  complaint.  The 
patients  who  had  tonsillectomies  seem  to  have  done  particularly  well. 

Auricular  Fldtteh 

This  disordered  cardiac  mechanism  is  recognized  as  due  to  the  rapid 
coordinate  contractions  of  the  auricles,  stimulated  by  a  Focus  of  irrita- 
tions located  in  the  auricular  wall  outside  the  normal  pacemaker.  The 
auricles  contract  at  a  rate  of  200  to  380,  and  the  ventricles  usually  at 
one-half  the  auricular  rate,  though  any  rhythm  from  a  1 : 1  association 
to  complete  heart  block  may  exist.  The  pulse  is  regular  in  one-half  of 
reported  cases,  and  grossly  irregular  in  the  other  half.  The  degree  of 
block  may  vary  from  time  to  time,  and  most  patients  are  subject  to 
paroxysmal  "weak  spells,"  owing  to  a  sudden  decrease  in  the  degree  of 
block  allowing  the  ventricles  to  assume  the  full  auricular  rate.  The 
condition  is  usually  chronic  and  may  exist  for  years.  A  "weak  spell" 
during  operation  is  an  evident  danger,  though  we  have  not  observed  it. 
Four  patients  have  been  operated  on,  all  included  in  the  foregoing, 
under  Fibrillation.  These  patients  are  of  particular  interest  as  appar- 
ently being  the  first  proved  cases  of  fiutter  in  which  operation  has  been 
done. 

We  have  reported  elsewhere'  that  these  four  patients  were  subjected 
to  vigorous  digitalis  and  rest  treatment  until  fibrillation  was  brought  on 
and  then  the  operation  was  done.  Three  of  the  patients  had  exoph- 
thalmic goiter,  though  one  had  a  cholecystectomy  and  tonsillectomy  in 
the  Clinic,  and  a  thyroidectomy  elsewhere  later.  One  other  patient 
had  had  a  tonsillectomy.  All  the  patients  with  exophthalmic  goiter 
resumed  a  normal  rhythm  after  operation,  and  two  have  no  cardiac 
symptoms.  The  last  patient  (tonsillectomy)  reports  himself  greatly 
improved.     There  has  been  no  mortality  to  date. 

Partial  or  Complete  Heart  Block 
One  patient  with  complete  block  has  been  operated  on  three  times 
in  eleven  years — append  icectomy,  amputation  of  breast  for  carcinoma, 
and  escision  of  recurring  skin  nodules.    The  cardiogram  was  taken 
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before  the  last  operation,  but  the  pulse  was  remarkably  slow  at  the 
former  examinations.  The  patient  is  ahve  and  reasonably  well.  Six 
patients  showing  delayed  conduction-time  between  auricles  and  ventri- 
cles, that  is,  auriculoventricular  intervals  of  0.22  second  to  0-48  second 
have  been  operated  on;  3  for  diseased  tonsils;  1  for  exophthalmic 
goiter,  1  for  thyrotoxic  adenoma,  and  1  for  gallbladder  disease.  Thus 
far  we  have  no  knowledge  of  a  death  in  these  cases.  Four  of  the 
patients  recently  reported  that  they  are  markedly  improved  or  cured. 

Intraventricular  Block 

This  disorder  is  due  to  impaired  conduction  of  the  cardiac  impulse 
after  it  has  passed  the  bifurcation  of  the  auriculoventricular  bundle. 
It  is  evidence  of  disease  in  the  main  branches  of  the  bundle  or  in  the 
subendocardial  plexus,  causing  a  slow  and  un-uniform  diffusion  of  the 
contraction  stimulus  throughout  the  ventricular  wall.  Recently  Oppen- 
heimerandRothschild^have  excellently  presented  this  subject,  and  have 
called  attention  to  the  serious  cardiac  damage  and  early  fatality  which 
it  usually  indicates.  As  a  basis  for  clinical  interpretation  we  have  used 
for  several  years  the  same  criteria  which  they  present,  and  we  are  able 
to  confirm  their  general  findings  in  a  larger  series  of  cases  (158). 

The  electrocardiographic  curve  in  this  condition  shows  a  prolonged 
Q.  R.  S.  complex  (active  ventricular  phase),  and  variations  of  this  up 
to  the  remarkahle  complexes  which  have  been  described  as  branch 
bundle  defects.  Undoubtedly  such  curves  indicate  extremely  bad 
myocardial  damage,  as  may  be  readily  determined  by  ordinary  clinical 
methods. 

Relief  of  a  probable  infectious  or  toxic  focus  for  the  cardiac  disease 
has  seemed  advisable,  and  operations  have  been  done  with  this  in  view. 
Twelve  patients  have  been  operated  on;  7  tonsillectomies,  4  thyroidec- 
tomies (S  exophthalmic  goiter  and  1  thyrotoxic  adenoma),  I  ligation  for 
exophthalmic  goiter,  and  1  salpingectomy.  Six  of  the  7  tonsillectomy 
cases  had  histories  of  rheumatic  fever.  One  patient  died  of  cardiac 
insufficiency  one  year  after  tonsillectomy;  7  others  (5  with  definite 
valvular  disease)  report  definite  to  marked  improvement  in  general 
health.  It  would  seem,  therefore,  in  such  cases  that  if  a  surgical  con- 
dition appears  as  a  cause  or  aggravation  of  the  cardiac  disease,  operation 
should  be  undertaken,  particularly  if  goiter  or  tonsillitis  is  the  disturbing 
condition.  Five  of  our  patients  were  thirty  years  of  age  and  two  were 
younger,  and  improvement  is  greatly  desired  for  such  young  patients. 
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Summary 

We  do  not  believe  that  valvular  disease  with  good  or  reasonably 
good  compensation  should  be  considered  as  a  contraindication  to  opera- 
tion, because  the  surgical  risk  is  not  materially  increased  in  sucb  cases. 
Careful  anesthesia  is,  of  course,  essential.  The  record  in  the  Mayo 
Clinic  of  120,000  ether  anesthesias  with  but  one  death  under  anesthesia 
is  evidence  of  the  remarkable  safety  of  ether  when  properly  administered. 

The  best  idea  of  the  cardiac  risk  in  surgical  cases  is  derived  from  a 
carefully  balanced  impression  of  the  patient's  general  ability  to  stand 
stress.  If  the  patient  is  ambulatory  without  marked  decompensation, 
operation  is  usually  safe.  If  marked  cardiac  insufGciency  is  evident, 
the  patient  should  be  medically  treated  until  a  fair  degree  of  compensa- 
tion is  restored. 

Surgical  intervention  should  not  be  undertaken  in  a  cardiopath 
unless  there  is  definite  reason  to  believe  that  the  surgical  relief  is  essen- 
tial to  reasonable  health  or  will  improve  the  cardiac  condition.  "Med- 
dlesome surgery  "  has  a  fuller  meaning  in  treating  cardiopaths. 

Extremely  severe  cardiac  disease  can  often  be  definitely  to  com- 
pletely relieved  by  the  removal  of  an  infectious,  mechanical,  or  toxic 
source  of  cardiac  strain  or  degeneration.  In  cardiopaths  suffering  from 
goiter  the  relief  is  often  beyond  all  expectations.  Not  infrequently  in 
such  cases  patients  are  transformed  from  confirmed  invalids  to  active 
useful  persons. 

Of  100  patients  operated  on  with  auricular  fibrillation,  there  was  a 
gross  surgical  mortality  of  5  per  cent,  but  in  3  per  cent  only  death  was 
due  to  cardiac  disease,  or  3  per  cent  represents  the  increased  risk  in  100 
patients.  Thirteen  per  cent  have  died  since  leaving  the  Clinic;  47 
others  report  as  follows:  8  subjectively  well,  20  markedly  improved 
and  able  to  lead  fairly  active  lives,  16  definitely  improved  but  still 
obliged  to  avoid  exertion,  and  3  report  little  or  no  improvement. 

Four  patients  with  auricular  flutter  were  operated  on  after  fibrilla- 
tion was  brought  on  by  treatment.  Two  are  subjectively  well,  and  2 
are  markedly  improved. 

Seven  patients  with  partial  or  complete  heart  block  (6  partial,  1 
complete)  were  operated  on,  with  no  deaths.  Three  of  the  patients 
are  markedly  relieved,  and  I  is  unaware  of  cardiac  difficulty  at  pres- 
ent.    The  complete  block  is  unchanged. 

Twelve  patients  with  intraventricular  block  were  operated  on  with 
the  result  that  1  died  a  year  following  tonsillectomy,  and  7  report  definite 
to  marked  improvement  in  spite  of  evident  valvular  disease. 
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We  wish  to  emphasize  that  these  results  are  given  with  the  belief 
that  they  represent  what  are  usually  considered  the  worst  surreal 
cardiopathic  risks  (except  angina  and  allied  conditions).  With  few 
exceptions  they  include  all  cases  in  the  Clinic  of  bad  cardiac  disease  that 
needed  surgical  treatment. 

Myocardial  insufficiency  finally  reaches  a  point  where  there  is  no 
possibility  of  improvement  with  any  method  of  treatment  with  which 
we  are  familiar.  We  know  only  of  the  therapeutic  test  to  determine  this 
point  in  doubtful  cases,  and  the  foregoing  results  show  that  until  such 
a  stage  of  decompensation  is  reached  the  patient  should  at  least  be  given 
the  chance  of  sui^ry.  The  improvement  following  surgical  interference 
in  suitable  cases  has  been  so  remarkable  as  fully  to  justify  accepting  the 
somewhat  increased  risk.  The  general  tendency  unquestionably  is  to 
overestimate  the  danger  of  operative  fatality.  In  cases  in  which  surgery 
can  relieve,  cardiopaths  should  not  be  refused  operation,  at  least  until 
a  therapeutic  trial  has  been  given  for  the  regstabtishment  of  some 
compensation. 

Patients  with  arrhythmia,  particularly  fibrillation,  stand  operation 
remarkably  well  after  medical  treatment.  It  may  be  said  that  the 
Sbrillating  auricle  has  whipped  the  ventricle  until  continued  ventricular 
action  proves  a  reasonably  good  ventricular  power,  and  life  depends  on 
ventricular,  not  auricular,  action.  Our  ability  to  estimate  operative 
risk  depends  on  our  ability  to  estimate  the  ventricular  reserve,  and 
remarkably  little  reserve  seems  necessary  to  cany  the  patient  through 
good  ether  anesthesia.  That  we  may  err  in  judgment  is  evidenced  by 
our  three  cardiac  surgical  deaths,  and  eight  other  deaths  within  a  year 
from  cardiac  insufficiency.  However,  the  general  results  of  definite  to 
marked  improvement  in  about  80  per  cent  of  suitable  cases  is  ample 
justification  for  accepting  the  increased  mortality. 

From  the  foregoing  study  we  seem  justified  in  making  the  following 
definite  conclusions:  First,  that  many  properly  selected  cardiopaths, 
often  considered  hopeless,  may  be  relieved  by  surgical  measures,  and 
second,  that  the  general  tendency  at  present  is  to  require  too  great  a 
margin  of  cardiac  safety  in  surgical  work. 
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During  the  last  two  yeara  an  interesting  group  of  tachycardias  has 
been  observed  in  the  Mayo  Clinic.  The  infrequent  occurrence  of  these 
cases  and  the  importance  of  their  recognition  merits  this  report.  The 
literature  contains  a  wealth  of  material  dealing  with  tachycardia  of 
sinus  and  nodal  origin  but  few  articles  could  be  found  relative  to  tachy- 
cardia having  its  origin  in  the  ventricles. 

The  rhythmic  cardiac  impulse  takes  its  origin  in  the  sino-auricular 
node'  or  "pacemaker,"  a  collection  of  specialized  tissue  lying  in  the 
sulcus  terminalis  at  the  juncture  of  the  superior  vena  cava  and  the  right 
auricular  appendage.  This  has  been  established  by  the  experimental 
work  of  Lewis,*  Oppenheim  and  Oppenheim,*  Eyster  and  Meek,'  who 
found  this  structure  to  become  electronegative  before  the  rest  of  the 
sinus  region.  The  function  of  "pacemaker"  may  be  assumed  by  other 
portions  of  the  heart,  either  within  or  outside  of  the  conduction  system, 
with  the  establishment  of  an  ectopic  rhythm. 

Lewis'  has  classified  these  abnormal  rhythms  as  homogenetic  and 
heterogenetic.  The  former  is  characterized  by  a  relatively  slow  rate, 
the  onset  of  the  rhythm  is  gradual,  the  seat  of  impulse  production  is 
probably  always  within  the  system  of  specialized  tissue  (conduction 
^stem),  and  the  heart  is  under  control  of  its  extrinsic  nerves.  He 
believes  this  ty[>e  to  be  due  to  exaggerated  physiologic  processes. 

In  contradistinction  to  this,  the  heterogenetic  type  presents  a  rapid 
pulse  and  rapid  onset,  the  seat  of  impulse  production. may  be  within 
the  system  of  specialized  tissue  or  without,  and  the  heart  is  not  under 
control  of  its  extrinsic  innervation.  This  type  is  believed  to  result 
only  from  pathologic  processes. 

Paroxysmal  ventricular  tachycardia  is  heterogenetic  and,  as  far  as 
we  know,  is  the  result  of  myocardial  disease.  The  recognition  of  this 
*  Reprinted  Irom  Boston  Med.  and  Surg.  Jour..  1918,  clxxviji.  40-44. 
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condition  is  of  the  utmost  importance,  and  can  be  made  with  certainty 
only  by  means  of  graphic  records.  The  introduction  of  the  electro- 
cardiograph has  made  possible  the  identification  of  obscure  tachycardias. 

Experimental  studies  have  not  only  clarified  the  mechanism  of  this 
disorder,  but  have  suggested  etiologic  processes.  When  a  single  induc- 
tion shock  is  applied  to  any  portion  of  the  ventricle  during  its  resting 
period,  a  single  premature  contraction  occurs."  The  contraction  evoked 
is  not  proportionate  to  the  stimulus  applied,  but  always  maximal,' 
constituting  the  well-known  "all  or  none"  law  of  Bowditch,  and  does 
not  occur  when  the  muscle  is  in  the  state  of  contraction*  (refractory 
pfaaae). 

Regular  series  of  suitably  arranged  induction  shocks  produce  series 
of  premature  ventricular  contractions  simulating  the  graphic  records  of 
ventricular  tachycardia.  Lewis  produced  premature  ventricular  con- 
tractions by  ligation  of  the  coronary  arteries  constantly,  by  tying  off 
the  left  descending  branch  and  in  most  instances  by  impairing  the 
circulation  in  the  right  vessel.  As  the  nutrition  of  the  ventricle  became 
progressively  impaired,  series  of  heterogenetic  contractions  occurred, 
the  sequence  becoming  longer  as  the  nutritional  changes  became  more 
marked. 

By  the  intravenous  injection  of  salts,  Rothberger  and  Winterberg" 
produced  this  tachycardia  in  dogs.  They  found  that  combined  stimu- 
lation of  the  vagi  and  accelerators  caused  cessation  of  the  heart-beat, 
but  after  injection  of  5  to  10  mg.  of  barium  chlorid  in  I  per  cent  aqueous 
solution,  premature  ventricular  contractions  occurred.  With  doses  of 
25  to  50  mg.  minus  accelerator  stimulation,  ventricular  tachycardia 
was  produced  and  at  times  a  transient  arrhythmia.  Calcium  chlorid, 
100  to  200  mg.  in  10  per  cent  aqueous  solution,  produced  similar  re- 
sults. They  concluded  that  these  salts  increase  the  ventricular  irrita- 
bility, but  stated  that  the  nodal  tissues  are  not  appreciably  infiueneed. 
The  electrocardiogram  exhibits  series  of  premature  ventricular  contrac- 
tions, the  complex  forms  varying  with  the  point  of  origin  in  the  ventri- 
cles. Identification  of  auricular  contractions  during  the  tachycardia  ia 
frequently  difficult,  but  careful  measurement  shows  that  retrogression 
does  not  occur,  as  the  first  auricular  complex  of  the  normal  rhythm 
falls  at  the  proper  point. 

Lewis*  maintains  that  the  auricles  and  ventricles  contract  at  the 
same  rate,  for  each  complex  is  identical  to  the  adjacent  one,  and  if 
auricles  and  ventricles  were  contracting  at  independent  rates,  the  auricu- 
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lar  complex  would  at  times  be  superimposed  and  destroy  the  contour 
of  the  general  curve.  A  case  of  ventricular  tachycardia  is  reported  by 
Palfrey,  with  polygraphic  tracings  in  which  the  ventricular  rate  ex- 
ceeded the  auricular.  This  did  not  occur  in  any  of  the  cases  reported 
in  this  paper. 

One  other  case  of  ventricular  tachycardia  is  reported  in  the  litera- 
ture.' 

Two  of  our  cases  revealed  impairment  of  conduction,  one  in  the 
junctional  tissues  and  one  beyond  the  main  branch  of  the  bundle  of  Hb. 

Five  cases  of  paroicysmal  tachycardia  of  ventricular  origin  have  come 
under  the  writer's  observation  during  the  last  two  years,  and  this  dis- 
order has  occurred  only  in  0.047  per  cent  of  the  abnormal  cases.  Three 
cases  have  occurred  in  males  and  two  in  females — the  youngest  one 
twenty-one  years,  the  oldest  sixty-two  years,  with  an  average  age  of 
41.4  years.  Four  of  the  patients  gave  definite  histories  of  previous 
infection  with  the  streptococcus  group.  Syphilis  could  not  be  deter- 
mined in  any  case. 

The  symptomatology  in  all  cases  was  strikingly  uniform,  all  histories 
revealing  distressing  palpitation  with  tachycardia,  induced  by  exertion 
or  excitement.  The  paroxysms  had  sudden  onset,  stopped  abruptly, 
and  lasted  from  several  minutes  to  several  weeks.  Vertigo  attended  the 
paroxysms  in  three  cases  and  two  patients  complained  of  nervousness. 
Exertion  dyspnea  was  a  constant  symptom.  One  case  presented  sli^t 
pitting  edema  of  the  lower  extremities. 

Objectively  the  cardiac  examinations  revealed  little  of  significance. 
In  all  cases  there  was  slight  increase  in  the  dulness  to  the  left  (one-half 
to  three-fourths  inch)  and  valvular  disease  was  not  demonstrated  in  a 
single  instance. 

The  lowest  pulse-rate  during  the  paroxysms  was  109,  the  highest 
267,  and  the  average  of  all  recorded  pulse  readings  was  174. 

The  pathologic  changes  in  ventricular  tachycardia  cannot  be  iden- 
tified as  entities,  as  no  reported  cases  were  disclosed  in  a  search  of  the 
literature.  The  experimental  work  of  Lewis,'  however,  suggests  oblit- 
erative  coronary  disease  and  its  attendant  nutritive  changes  as  a  hypo- 
thetic pathologic  picture. 

One  of  our  patients  died  a  suicidal  death,  and  we  were  afforded  the 
opportunity  of  a  necropsy.  The  left  coronary  artery  was  distinctly 
atheromatous,  which  is  very  significant  in  view  of  Lewis'  work-  The 
myocardium  of  the  ventricles  presented  a  few  areas  of  fibrosis,  the 
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mitral  and  tricuspid  leaflets  were  thickened,  but  apparently  competent, 
and  atheroma  of  the  aortic  valves  was  found.  The  thoracic  and  ab- 
dominal aorta  were  atheromatous. 

In  all  probability  any  condition  increasing  ventricular  irritability 
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is  a  potential  factor  in  the  production  of  this  rare  condition,  and  until 
more  necropsy  material  is  available,  the  conclusions  as  to  lesion  types 
must  remain  hypothetic.  The  gravity  of  the  condition  depends,  of 
course,  on  the  degree  of  myocardial  damage  and  the  duration  of  the 
paroxysms.    One  patient  gave  a  twenty-six -year  history  of  attacks 
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and  the  duration  of  paroxysms  gradually  increased  with  progressive 
evidence  of  myocardial  insufficiency,  the  last  one  in  which  the  patient 
was  observed  lasted  six  weeks.  Cardiac  reserve  is,  of  course,  the  all- 
important  factor  in  the  consideration  of  heart  disease  and  this  means 
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largely  myocardial  quality.  The  maintenance  of  circulation  is  depen- 
dent on  ventricular  and  not  auricular  action,  and  obviously  any  abnormal 
ventricular  rhythm  must  be  regarded  as  potentially  a  grave  disorder. 
Lewis*  emphasized  this  point,  stating  that  ventricular  tachycardia  bor- 
ders on  fibrillation  and  ventricular  fibrillation,  as  far  as  we  know,  is 
incompatible  with  life. 

Ijttle  can  be  said  relative  to  treatment.     Two  patients  were  treated. 
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both  being  placed  on  the  tincture  of  digitalis  in  doses  varying  from  1  to  3 
c.c.  three  times  daily.  The  one  patient  was  placed  at  rest  in  bed  and 
digitalis  was  administered  three  times  to  toxic  effect  without  any  change 
in  the  abnormal  rhythm.     He  was  under  observation  twenty-eight  days. 
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IV  other  patient  was  symptomatieally  improved,  but  his  paroxysms 
W  never  exceeded  a  few  hours. 

In  cases  showing  evidence  of  myocardial  insufficiency  digitalis  should 
be  employed,  but  it  is  very  questionable  whether  the  abnormal  rhythm 
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can  be  arrested  by  its  admmistration.  In  two  cases  vagus  pressure  was 
applied  without  results.  In  another  case  the  atropin  test  had  no  effect 
on  the  ectopic  rhythm. 

Summary 
1.  Paroxysmal  tachycardia  of  ventricular  origin  is  a  rare  condition, 
occurring  in  only  0.047  per  cent  of  all  abnormal  electrocardiograms 
recorded  in  the  Clinic. 


2.  Two  cases  revealed  conduction  impairment. 

3.  As  an  eliologic  factor,  history  of  infection  with  the  streptococcus 
group  was  elicited  in  four  cases. 

4.  The  symptomatology  in  all  cases  was  very  uniform,  palpitation, 
tachycardia,  and  exertion  dyspnea  being  complained  of  by  all  the 
patients.     Vertigo  attended  the  paroxysms  in  three  cases. 

5.  The  average  pulse-rate  during  the  paroxysms  was  174. 

6.  One  case  coming  to  necropsy  revealed  distinct  atheroma  of  the 
left  coronary  artery,  which  is  very  significant. 
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7.  As  life  is  dependent  on  ventricular  and  not  on  auricular  action, 
this  condition  must  be  considered  potentially  grave. 

8,  Digitalis  medication  in  two  cases  treated  did  not  affect  the 
abnormal  rhythm. 

Case  1  (70066). — .\  male,  sisty-two  years  of  age,  came  to  the  Clinic 
June  28,  1915.  Five-year  history  of  paroxysms  of  rapid  pulse  and 
palpitation.     This  case  not  only  presents  coupled  heterogenetic  ven- 
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tricular  contraction  and  short  paroxysms  of  ventricular  tachycardia, 
but  also  impaired  conduction  through  the  junctional  tissues,  the  pulse- 
rate  interval  being  0.85  second.  There  is  hypertrophy  of  the  left 
ventricle.  The  sinus  rate  is  86;  the  ventricular  tachycardia  rate  is 
150  (Figs.  142  and  143). 

Case  2  (185935). ^A  female,  twenty-one  years  of  age,  came  to  the 
Clinic  February  17, 1917.  Three-year  history  of  palpitation  and  tachy- 
cardia.    Ventricular    tachycardia.     Rate   120.     In    this   instance   the 
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auricular  compleKes  are  evident  and  have  the  same  rate  as  the  ven- 
tricular.    There  is  marked  hypertrophy  of  the  left  ventricle  (Fig.  144). 

Case  S  (194798). — A  male,  forty-two  years  of  age,  came  to  the  Clinic 
May  5,  1917.  Two-year  history  of  spells  of  palpitation  and  tachycardia. 
Electrocardiograms  show  short  paroxysms  of  ventricular  tachycardia 
with  intervening  sinus  rhythm  (Figs.  145,  146,  and  147). 

Case  4  (200751).^ — A  female,  forty-four  years  of  age,  cante  to  the 
Clinic  July  11,  1917.  Six-week  history  of  palpitation  and  tachycardia. 
Ventricular  tachycardia  with  rates  varying  from  120  to  145.  At  times 
the  auricular  complexes  can  be  identified.  This  case  presents  evidence 
of  arborization  block  (Fig.  148). 

Case  5  (98618). — A  male,  thirty-eight  years  of  age,  came  to  the 
Clinic  July  45,  1917.  Twenty-six-year  history  of  paroxysms  of  palpi- 
tation and  tachycardia,  increasing  in  frequency  and  duration.  This 
case  presents  several  interesting  features.  Occasional  complexes  are 
seen  arising,  probably  in  the  junctional  tissues.  There  is  a  constant 
difference  in  the  general  appearance  of  Lead  II  from  all  the  other  cases, 
and  probably  it  can  be  explained  by  the  point  of  origin  of  the  ectopic 
impulses.  They  arise  from  the  basal  portion  of  the  left  ventricle  and 
from  the  direction  of  the  heart's  axis;  Lead  II  transects  chiefly  the 
"action  currents"  of  the  right  heart.  (See  Fig.  151.)  The  lines  x-y 
represent  the  transecting  planes  (Leads)  by  which  the  lines  of  force 
(action  currents)  are  cut.  Figure  152  shows  the  failure  of  vagus  pres- 
sure to  affect  the  tachycardia.  .\  marked  arrhythmia  is  present  at  times 
and  probably  signifies  variation  in  velocity  of  impulse  discbarge  (Figs. 
149,  150,  151,  152,  and  153). 
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THE  FACTORS  OF  COAGULATION  IN  THE  BLOOD 
IN  CERTAIN  PATHOLOGIC  CONDITIONS* 

DOROTHY    FOSTER    PETTIBONE 


Elaborate  studies  have  been  made  in  the  pa^t  on  the  various  factors 
which  concern  the  coagulation  of  blood.  HowelP  has  outlined  minutely 
the  individual  constituents  and  their  respective  functions  in  normal 
blood.  According  to  Howell,  there  are  five  factors  in  coagulation,  that 
is,  prothrombin,  fibrinogen,  calcium  salts,  thromboplastin,  and  anti- 
thrombin,  all  of  which  may  show  variations  in  disease.  These  are  all 
normally  present  in  the  circulating  blood  except  thromboplastin,  which 
is  contained  in  all  tissue-jiuces  as  well  as  in  the  Formed  elements  of  the 
blood.  On  injury  of  the  vessel,  therefore,  thromboplastin  is  liberated 
from  the  surroundiag  tissue  and  the  platelets  and  frees  the  blood  of 
antithrombin,  allowing  the  prothrombin  to  act  with  calcium  and  the 
thrombin  to  unite  with  fibrinogen  and  form  fibrin.  According  to 
Morawitz  (quoted  by  Drinker  and  Hurwitz*),  thrombokinase  trans- 
forms  thrombogen,  which  normally  circulates  in  the  blood,  to  prothrom- 
bin. Prothrombin  is  then  changed  to  thrombin  by  calcium  salts. 
Thrombin  reacts  with  fibrinogen  and  produces  fibrin.  Thrombogen 
baa  not  been  differentiated  in  any  way  from  prothrombin. 

Since  the  common  acceptance  of  these  underlying  principles,  much 
work  has  been  done  on  these  same  factors  in  various  pathologic  condi- 
tions with  special  reference  to  hemorrhagic  disturbances.  Methods  have 
been  devised  whereby  these  separate  factors  may  be  isolated  and  quanti- 
tatively estimated.  I  have  studied  a  group  of  cases  with  special  em- 
phasis on  prothrombin,  calcium  salts,  and  platelets.  Among  these 
45  cases  are  2  of  hemophilia,  7  of  myelogenous  leukemia,  2  of  purpura, 
9  of  epilepsy,  13  of  jaundice  (10  obstructive  and  3  hemolytic),  and  13 
of  a  miscellaneous  group. 

*  Pretented  on  May  S8,  1917.  in  partial  fulfilment  oE  the  requirement  for  the  Degree 
of  Master  of  Science,  I'nivenity  of  Minnesota.  (Mayo  Foundation.)  Repiinted  from 
Jour.  Lab.  and  Clin.  Med.,  1SI8.  iii,  976-282. 
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Hemophilia 
Many  workers  have  reported  observations  on  the  blood  of  hemo- 
philiacs, and  the  facts  they -note  have  agreed  for  the  most  part.  Howell* 
in  his  prothrombin  tests  proved  that  one  may  by  this  comparative 
method  readily  distinguish  between  hemophilic  and  normal  bloods. 
Sahli  believes  that  the  condition  is  due  to  deficient  thromboplastic 
material,  but  there  has  been  suggested  as  yet  no  satisfactory  method  for 
determining  the  amount  of  this  substance.  The  method  I  have  used 
for  determining  prothrombin  time  is  that  of  Howell ':  Draw  8  c.c.  of 
blood  into  a  sterile  syringe,  previously  rinsed  out  with  normal  salt 
solution,  and  express  into  a  tube  containing  1  c.c.  of  a  1  per  cent  potas- 
sium oxalate.  Invert  the  tube  once  to  mix  thoroughly  and  centrifu- 
galize  for  fifteen  minutes.  In  a  series  of  small  tubes  place  graduated 
amounts  of  0.5  per  cent  calcium  chlorid,  beginning  with  2  drops  and 
stopping  at  8  drops.  Add  to  each  tube  5  drops  of  the  plasma  and  take 
time  of  coagulation. 

TABLE  t 


Tii»i 

TdbkI 

JvttS 

Tvm 

TtrsBS 

Tnrae 

TdmT 

Calcium  chlorid 

«  drops 
A  drops 

6mln. 

3  drops 
fi  drops 

8min. 

4  drops 
Smin. 

S  drops 
lOmin. 

e  drops 
3  drops 

10  mia. 

7  drops 
Sdrc^ 

lamin. 

8  drops 

We  know  by  this  test  that  in  hemophilias  the  prothrombin-anti- 
thrombin  balance  is  upset,  but  it  is  not  certainly  proved  that  it  is  the 
actual  amount  of  prothrombin  that  b  altered.  Addis*  believes  the 
prothrombin  to  be  present  in  normal  amounts  in  these  cases,  but  it  is  so 
altered  as  to  require  longer  time  for  activation  to  the  thrombin  present. 
An  excess  of  antithrombin  is  present  only  as  a  result  of  decreased 
prothrombin. 

The  coagulation  time  of  hemophilia  is  always  long.  In  estimating 
this  time  accurately  there  are  many  difficulties  to  consider.  The  method 
used  is  that  described  by  Lee  and  White.'"  One  c.c.  of  blood  is  drawn 
from  the  vein  into  a  sterile  syringe  previously  washed  with  normal  salt 
solution,  and  expressed  into  a  Wassermann  tube  which  has  also  been 
rinsed  with  normal  salt  solution.  Care  must  be  taken  to  leave  salt 
solution  in  the  needle  before  puncture,  as  the  admission  of  air-bubbles 
greatly  hastens  the  coagulation  of  the  blood.    The  needle  is  removed  so 
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as  not  to  break  up  the  platelets  in  expressing  the  blood,  and  the  tube  is 
rotated  endwise  every  thirty  seconds  until  the  clot  adheres  to  the  tube 
when  inverted,  Cohen'  has  shown  how  necessary  are  absolute  cleanli- 
ness, uniformity  of  apparatus,  exact  amount  of  blood,  and  constant 
temperature."  The  time  of  coagulation  greatly  depends  on  the  extent 
of  contact  to  the  glass;  it  may  he  greatly  hastened  by  any  shaking  of 
the  tube.  Hemophilic  blood  may  become  gelatinous  in  a  compara- 
tively short  time,  but  it  is  easily  noted  that  the  clot  is  not  firm,  and 
that  its  disturbance  results  in  its  breaking  down.  Minot  and  Lee" 
found  that  the  clots  often  formed  as  quickly  as  normal,  but  never  became 
as  firm.  If  this  first  clot  is  removed,  a  second  clot  will  form;  this  is  also 
an  imperfect  clot,  and  may  be  removed.  It  has  been  observed  recently 
by  Lee,  but  not  as  yet  published,  that  six  and  eight  clots  can  be  removed 
in  succession  from  the  blood  of  hemophiliacs,  while  a  normal  blood  will 
seldom  form  a  second  clot.  I  was  able  to  remove  four  clots  from  the 
blood  in  one  case,  while  in  normal  controls  I  have  never  removed  more 
than  two. 

Case  185593  is  worthy  of  special  attention.  This  patient  had  a 
definite  history  of  familial  hemophilia;  his  coagulation  time  was  exceed- 
ingly long,  but  his  prothrombin  time  was  within  normal  limits  and  his 
platelet  count  was  115,000  per  c.mm.  His  mother's  blood  was  then 
examined  and  found  to  have  an  exceedingly  long  prothrombin  time, 
though  a  normal  coagulation  time.  When  the  prothrombin  time  was 
determined,  the  material  was  invertible,  though  not  as  solid  and  set  as 
in  normal  serums.  Workers  in  this  country  have  been  looking  for 
just  such  findings,  but  have  not  made  the  actual  observations. 

Cabe  I825S5. — In  this  case  there  was  a  coagulation  time  of  seventy- 
three  minutes,  and  after  transfusion  the  coagulation  time  was  reduced 
to  thirtj^-four  minutes.  The  prothrombin  time  was  not  estimated 
because  of  difficulty  in  procuring  blood. 

Wright  has  attributed  the  hemophilic  condition  to  a  calcium  de- 
ficiency. Hurwitz  and  Lucas,*  in  studying  five  cases  in  detail,  observed 
the  characteristic  delay  in  coagulation  and  a  constant  deficiency  in 
prothrombin;  other  factors  of  coagulation,  however,  were  present  in 
normal  amounts.  In  the  case  shown  in  Table  i  no  appreciable 
difference  in  the  amount  or  activity  of  calcium  was  observed. 

Epilepsy 
The  results  of  numerous  observations  on  the  blood  of  patients  with 
epilepsy  have  been  fairly  uniform,  with  the  exception  of  the  results 
concerning  coagulation  time,  and  these  have  been  most  varied.     It  has 
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been  found  by  several  workers  to  be  greatly 
shortened,  while  Turner  believes  the  time  to  be 
greater  in  cases  of  epilepsy.  Thorn"  reports  a 
series  of  SOS  patients  withepilepsy  whose  coagu- 
lation time  he  determined  in  the  method  out- 
lined by  Lee  and  White."  Ninety-two  per  cent 
of  these  patients  fell  within  normal  limits,  5.5 
per  cent  fell  under  the  minimum,  and  2.5  per 
cent  were  over  the  maximum.  Two  and  one-half 
to  fourteen  minutes  marked  the  extremes  of  the 
series.  Using  the  same  method  for  determining 
coagulation  time,  I  studied  a  series  of  9  patients 
presenting  a  range  of  from  four  to  fifteen  min- 
utes, while  controls  of  normal  persons  ranged 
from  four  to  twelve  minutes. 

It  seems  reasonable  to  conclude  that  there  is 
no  change  in  the  coagulation  time  of  the  blood 
of  patients  with  epilepsy.  A  great  deal  depends 
on  the  technic,  and  the  differences  occurring 
among  normal  persons  vary  in  a  similar  manner. 

It  is  believed  that  patients  withepilepsy  may 
be  benefited  by  calcium  lactate.  Two  patients 
have  returned  after  a  period  of  from  six  weeks 
to  two  months  of  the  administration  of  calcium, 
and  were  found  to  have  enough  calcium  in  the 
blood  to  produce  coagulation  in  less  time  than 
by  the  addition  of  calcium  chlorid  (Table  3). 

Hemorrhagic  Purpura 
It  has  been  noted  by  many  that  the  normal 
retractability  of  the  blood-clot  depends  on  the 
presence  of  platelets.  Duke*  proved  experi- 
mentally that  platelets  may  leave  behind  them 
the  power  to  clot,  but  must  be  present  to  pro- 
duce retraction  of  the  clot.  I  have  noted  two 
cases  in  which  the  platelet  count  was  14,000  per 
cmm.  and  no  retraction  of  the  clot  occurred  in 
eighteen  hours.  They  were  typical  cases  in  all 
respects. 


j 

III    1 

^5    ;  at 

.!       1             -      1 

1. 

.S.9   . 

a," 

aa  : 

^' 

a 

%i- 

a  a  ■ 

hl 

<r,n 

1 

■i:   : 

o 

1 

S  : 

1 

2 

1 

s 

1 

1   :  : 

J 

• 

■   « 

1 

1 

1  ■   ■ 

(5 

a 

1 

a -3   : 

* 

■BO 
7. 

1 

1: 

" 

«         ■ 

1 

1  -i 

! 

11 

2S 

B,  Google 


452  DOROTHY  FOaTER  PETTIBONE 

Hurwitz  and  Lucas*  are  convinced  that  the  chronic  purpuras  do  at 
times  present  abnormalities  other  than  platelet  deficiency.  In  two 
patients  under  their  observation  for  more  than  six  months  they  noted 
fiuctuations  in  the  amount  of  circulating  antithrombin.  I  have  not 
estimated  antithrombin  in  any  of  my  series. 

Jaundice 

It  has  long  been  an  established  fact  that  in  certain  types  of  jaundice 
there  is  a  definite  delay  in  coaf;ulation-time.  Morawitz  and  Bierich 
believed  that  the  altered  coagulation-time  was  independent  of  the 
intensity  of  the  jaundice.  Lee  and  Vincent"  note  that  this  delayed 
coagulation  does  not  show  up  until  five  or  six  weeks  after  the  onset  of 
jaundice.  The  good  effects  of  calcium  treatment  are  felt  after  several 
days,  and  the  case  is  deemed  safely  operable  when  the  caJcium-time 
reaches  seven  minutes.  This  time  is  estimated  according  to  Lee  and 
Vincent's"  technic-  One  c.c.  of  the  patient's  blood  is  drawn  into  a 
sterile  syringe  previously  rinsed  with  salt  solution,  and  expressed,  with- 
out the  needle,  into  a  small  tube  containing  six  drops  of  a  0.5  per  cent 
calcium  chlorid  solution.  The  tube  is  inverted  every  thirty  seconds 
and  the  calcium  time  is  taken  at  the  point  of  coagulation.  The  test  is 
the  same  as  for  coagulation  time,  with  the  addition  of  calcium  chlorid. 
It  has  been  found  that  too  much  as  well  as  too  little  calcium  will  serve 
to  delay  the  process  of  coagulation. 

Blood-platelets  were  isolated  in  such  cases  by  Lee  and  Vincent,  and 
were  found  to  act  normally  both  in  the  formation  and  retraction  of  the 
clot. 

It  has  been  found  experimentally  that  bile  has  an  inhibitory  effect 
on  the  formation  of  thrombin.  Bile  will  entirely  prevent  coagulation 
in  vitro  even  in  the  presence  of  the  optimum  amount  of  calcium.  It  is 
probable,  however,  that  bile  never  becomes  so  concentrated  in  the  blood 
of  jaundiced  patients  (Tables  &  and  6). 

MYELOGENOUa   LeUKEMIA 

Little  note  has  been  taken  in  this  connection  of  the  blood  of  myelo- 
genous leukemia.  In  my  series'  of  seven  patients  it  will  be  seen  that 
there  is  present  a  tendency  to  prolonged  prothrombin  times  although  the 
coagulation  times  are  quite  short.  Cohen'  has  shown  experimentally 
that  a  marked  leukocytosis  very  definitely  delays  coagulation. 

It  is  evident  that  these  patients  have  the  optimum  amount  of  cal- 
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BLOOD  COAGULATION  IN  PATHOLOGIC 

cium,  as  the  addition  in  vitro  of  three  drops  of  calcium  noticeably  delays 
coagulation  (Table  7). 

Miscellaneous  Cases 

Drinker  and  Hurwitz*  found  prothrombin  to  be  slightly  diminished 
in  all  patients  with  pernicious  anemia.  I  found  that  to  be  true  in  the 
one  patient  examined  in  the  Mayo  Clinic.  The  platelet  counts  are, 
however,  relatively  normal. 

Three  of  the  splenomegaly  cases  presented  delayed  prothrombin 
times.  Coagulation  times  were  rather  long,  but  the  addition  of  calcium 
tended  to  retard. 

Among  this  miscellaneous  group  there  were  several  types  of  con- 
ditions. As  control  cases,  they  showed  nothing  abnormal  in  their 
factors  in  coagulation  (Table  8). 

Notes  on  Technic 

In  doing  these  prothrombin  tests  we  have  noted  that  on  reducing  the 
amount  of  blood  used  to  just  one-half,  the  results  were  identical  and  the 
test  more  economical,  the  amount  of  potassium  oxalate  being  reduced 
proportionately.  Care  must  be  taken  to  use  the  same  needle  for  measur- 
ing calcium  and  serum,  for  the  time  varies  appreciably  if  the  size  of  the 
drops  is  not  uniform.  I  have  also  done  [>arallel  prothrombin  tests  on 
several  cases,  using  0.5  c.c.  of  potassium  oxalate  to  8  c.c.  of  blood.  In 
the  cases  of  jaundice  great  difficulty  was  experienced  in  avoiding  a  clot 
while  centrifugalizing  the  blood.  If  a  clot  had  formed,  the  serum  it 
expressed  would  not  clot  on  the  addition  of  calcium.  In  the  cases  in 
which  the  serum  did  not  clot  while  spinning,  however,  a  shorter  pro- 
thrombin time  was  manifested  when  only  0.5  c.c.  of  oxalate  was  used. 
In  these  cases  there  was  not  sufficient  oxalate  to  precipitate  all  the 
calcium,  and  in  one  case  there  was  so  much  native  calcium  that  the 
optimum  amount  of  calcium  brought  the  shortest  time  of  clotting  in  the 
6rst  tube,  followed  by  an  excess  of  calcium  in  the  rest  of  the  tubes,  and 
a  consequent  retarding  of  the  clotting  process. 

The  method  employed  for  platelet  enumeration  is  that  described  by 
Wright  and  Kinnicutt,"  Blood  was  mixed  with  the  diluting  fluid  in  the 
proportion  of  one  to  a  hundred  by  means  of  the  ordinary  red  blood- 
corpuscle  pipet  and  counted  in  the  blood-counting  chamber  with  a  high 
dry  objective.  The  diluting  fiuid  consisted  of  two  parts  of  an  aqueous 
solution  of  brilliant  cresyl  blue  (1  :  300)  and  three  parts  of  an  aqueous 
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solution  of  potassium  cyanid  (1  :  1400).  These  two  solutions  must  be 
kept  separate  and  mixed  and  filtered  only  as  used,  or  a  precipitate 
forms  and  obscures  the  platelets.  In  order  to  get  an  even  distribution 
of  platelets  it  is  well  to  fill  the  chamber  at  once  after  mixing  blood  and 
fluid  in  the  pipet. 

I  found  that  waiting  an  appreciable  length  of  time  and  shaking  as 
for  red  blood-corpuscles  and  white  blood-corpuscles  is  not  satisfactory. 
Wright'^  demonstrated  several  years  ago  that  platelets  tend  to  adhere 
to  any  foreign  body  and  form  clumps.  This  perhaps  explains  the 
reduced  counts  after  shaking  the  pipet.  Shaking  also  tends  to  form 
larger  and  denser  clumps,  which  makes  the  count  very  inaccurate. 
There  are  three  main  requisites  for  reliable  platelet  counts:  namely, 
the  red  corpuscles  must  be  laked,  the  protoplasm  of  the  leukocytes  well 
stained,  and  the  platelets  evenly  distributed.* 

After  the  counting  chamber  has  been  filled,  it  may  stand  for  hours 
before  making  the  count.  It  must  surely  stand  ten  minutes  to  allow 
the  platelets  thoroughly  to  settle.  The  cresyl-blue  solution  will  keep 
indefinitely  on  ice,  which  prevents  growth  of  yeasts.  Potassium  cyanid 
should  be  made  up  fresh  at  least  every  ten  days.  It  must  be  made  of 
pure  potassium  cyanid  not  undergoing  degeneration. 

Duke  found  platelet  counts  fairly  constant  in  normal  persons,  but 
fluctuating  to  extremes  in  pathologic  conditions.  By  various  experi- 
mental devices  he  showed  that  the  platelet  count  fluctuated  in  exact 
proportion  to  the  degree  of  toxicity.  He  found  that  the  injection  of 
diphtheria  toxin  in  small  doses  raised  the  count,  and  that  the  same  toxin 
in  lethal  or  nearly  lethal  doses  decreased  the  count  rapidly.  He  con- 
cluded from  his  experiments  that  when  increased  counts  were  associated 
with  pathologic  conditions,  the  case  was  usually  mild.  In  other  words, 
the  toxins  act  as  irritants  or  poisons  according  to  the  size  of  dosage. 
Duke'  bore  out  his  deductions  in  man;  his  average  counts  of  patients 
in  febrile  condition  was  114,000  per  c.mm. — the  convalescent  counts 
going  as  high  as  750,000  per  c.mm. 

Sl'mmart 

1.  The  technic  of  the  various  laboratory  methods  used  is  described. 

3.  There  was  a  marked  calcium  deficiency  in  jaundice  cases  of 
several  weeks'  duration.     Platelets  were  present  in  normal  numbers. 

3.  The  blood  of  hemorrhagic  purpuras  was  deficient  in  platelets. 
There  was  no  retraction  of  the  clot.  Estimation  of  platelets  was  of 
value  in  differentiating  between  hemorrhagic  purpuras  and  hemophilias. 
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4.  The  coagulation  time  of  epileptic  blood  was  within  normal  limits. 

5.  Prothrombin  was  slightly  diminished  in  pernicious  anemia. 

6.  There  was  a  tendency  in  myelocytic  leukemias  for  prothrombin 
time  to  be  prolonged  beyond  the  normal  limits  of  from  six  to  fourteen 
minutes,  although  the  coagulation  time  was  within  normal  limits. 

7.  There  was  a  characteristic  delay  in  coagulation  in  the  blood  of 
hemophiliac  cases.  There  was  also  a  deficiency  in  prothrombin.  Plate- 
lets were  present  in  normal  numbers,  and  have  normal  retractile  powers. 
There  was  apparently  no  deficiency  in  calcium. 

8.  One  patient  of  special  note  among  the  hemophilias  had  an  ex- 
tremely long  coagulation  time,  though  his  prothrombin  time  was 
within  normal  limits.  His  mother  had  a  normal  coagulation  time,  but 
a  markedly  delayed  prothrombin  time. 
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THE  ESTIMATION  OF  UROBILIN  AND  UROBILIN- 
OGEN IN  THE  DUODENAL  CONTENTS* 

H.  Z.  GIFFIN,  A.  H.  SANFORD,  AND  T.  L.  SZLAPKA 


In  a  study  of  diseases  associated  with  evidence  of  increased  blood 
destruction  it  is  desirable  to  attempt  to  estimate  the  activity  of  hemoly- 
sis, and  to  compare  this  with  the  probable  capacity  for  blood  regenera- 
tion. Many  workers  have  used  as  an  index  of  blood  destruction  the 
changes  that  occur  in  the  contents  of  the  bile,  namely,  the  amount  of 
bile-pigment  excreted  and  especially  the  amount  of  urobilinogen  and 
urobilin.  Eppinger  estimated  the  amount  of  urobilinogen  and  urobilin 
in  the  stoob  by  means  of  the  Charnas  spectrophotometric  method  and 
stimulated  interest  in  this  manner  of  estimating  blood  destruction, 
particularly  in  pernicious  anemia  and  hemolytic  icterus.  In  this 
country  a  more  simple  procedure  for  making  rough  quantitative  esti- 
mates of  these  substances  has  been  devised  by  Wilbur  and  Addis. 
Robertson,  making  use  of  the  method,  has  reported  findings  in  every 
way  comparable  to  those  of  Eppinger. 

The  theories  advanced  with  regard  to  the  fate  of  hemoglobin  after 
hemolysis  are  not  well  substantiated.  Recent  investigations  by  Whipple 
and  Hooper  are  especially  important.  Their  experiments  involved  a 
great  deal  of  careful  study  over  a  considerable  period  of  time,  and,  of 
necessity,  only  on  dogs.  Their  conclusions  are  in  some  respects  icono- 
clastic. If  further  work  substantiates  their  findings,  it  may  be  neces- 
sary to  change  our  conception  of  the  factors  concerned  in  the  formation 
of  bile-pigment.  These  authors  conclude,  especially  from  their  results 
regarding  the  infiuence  of  diet  on  bile-pigment  production,  that  the 
disintegration  of  red  blood-cells  is  not  the  important  factor  in  the 
production  of  bile-pigments.  They  have  made  estimations  chiefly  of 
the  amount  of  bilirubin.  It  will  be  interesting  to  learn  of  their  results 
with  respect  to  urobilin  and  urobilinogen,  for  in  the  clinical  studies  on 
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the  hemolytic  anemias  there  is  now  considerable  evidence  from  many 
observers  that  the  amounts  of  these  substances  excreted  are  definitely 
increased.  This  increase,  it  is  true,  may  be  the  result  of  impaired  organ 
function  as  well  as  of  blood  destruction.  The  quantity  of  bilirubin  does 
not,  however,  run  constantly  parallel  to  the  quantity  of  urobilin  snd 
urobilinogen  in  pathologic  conditions. 

In  our  own  studies  we  have  made  use  of  the  modifications  of  the 
Wilbur  and  Addis  methods,  recently  devised  and  reported  by  Schneider. 
The  essential  advance  in  technic  is  the  application  of  the  observations, 
not  to  stool  extracts,  but  to  the  contents  of  the  duodenum  as  collected 
by  means  of  a  Rehfuss  tube.  In  this  liquid  an  amount  of  the  biliao' 
pigments  and  their  derivatives  sufficient  for  quantitative  determinations 
is  readily  obtained  in  a  short  time.  While  an  estimation  of  the  amounts 
of  these  pigments  in  the  duodenal  contents  at  a  given  time  cannot  be 
regarded  as  an  index  of  the  total  amount  excreted  in  twenty-four  hours, 
objections  are  also  advanced  with  respect  to  the  values  obtained  in  the 
twenty-four-hour  stool,  in  which  some  proportion  of  the  substances 
may  be  destroyed  or  changed  in  character.  The  values  obtained  hy 
Schneider's  method  have  been  so  definitely  in  accord  with  the  clinical 
manifestations  that  there  is  little  doubt  of  the  existence  of  a  relationship 
which  it  is  to  be  hoped  may  be  made  clearer  by  further  study.  These 
values  are  also  in  accord  with  the  results  obtained  from  estimations  on 
the  stool.  The  technic  we  have  used,  which  in  all  of  its  essentials  is 
that  described  by  Schneider,  is  presented  in  detail,  in  order  that  it  may 
be  readily  understood  and  easily  followed.  We  wish  to  express  our 
indebtedness  to  the  originator  of  this  method  for  his  personal  interest 
in  our  work. 

The  Method  of  Obtaining  the  Duodenal  Contents* 
The  tube  and  the  metal  capsule  employed  are  similar  to  those  of  the 
Einhorn  duodenal  tube,  but  experience  has  led  to  the  use  of  a  somewhat 
stitfer  tube  and  a  capsule  which,  though  similar  in  shape,  is  slightly 
larger  and  heavier,  weighing  6.4  gm.  This  model  of  capsule  was  recom- 
mended by  Schneider.  However,  an  ordinary  Einhorn  or  a  Behfuss 
bucket  may  be  used.  For  convenience  in  observing  the  contents  of  the 
tube  a  piece  of  glass  tubing  is  inserted  at  its  end. 

In  the  preparation  for  the  examination  the  patient  is  instructed  to 
partake  of  no  food  for  at  least  twelve  hours,  except  perhaps  a  little  tea 
*  Described  by  SzlHpka. 
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or  coffee  without  cream,  and  to  take  frequent  sips  of  warm  water  up  to 
the  time  of  the  examination.  The  nature  and  purpose  of  the  test  are 
also  explained,  as  the  patient's  confidence  and  cooperation  aid  in  the 
passage  of  the  tube. 

The  passage  of  the  duodena)  tube  is  a  simple  procedure.  The  meta! 
capsule  is  placed  on  the  back  of  the  tongue  and  the  patient  is  directed  to 
swallow  hard  several  times  in  rapid  succession.  There  is  usually  some 
difficulty  as  the  capsule  reaches  the  level  of  the  cricoid  but  this  is  over- 
come by  deep  breathing.  After  the  capsule  has  passed  this  irritable 
zone,  peristalsis  carries  it  along  without  further  discomfort  to  the 
patient  and  largely  beyond  his  control.  He  merely  swallows  from  time 
to  time,  taking  a  few  sips  of  warm  water  and  the  capsule  finally  reaches 
the  stomach  and  comes  to  rest  at  about  60  cm.  from  the  incisor  teeth. 

The  patient  is  now  made  to  lie  on  his  right  side,  with  the  hips  elevated 
eight  or  ten  inches.  The  pyloric  end  of  the  stomach  thus  becomes  more 
dependent,  and  gravity,  aided  by  gastric  peristalsis,  causes  the  capsule 
to  pass  through  into  position  in  the  duodenum — some  70  cm.  from  the 
incisors.  In  our  experience  this  is  accomplished  in  from  fifteen  minutes 
to  an  hour,  usually  in  about  forty-five  minutes.  At  jio  time  is  it  neces- 
sary to  push  the  tube  on  its  way.  Pushing  only  tends  to  coil  it  up  in 
the  stomach  and  may  even  frustrate  its  passage  into  the  duodenum. 

With  the  patient  on  his  side,  the  end  of  the  tube  is  allowed  to  hang 
well  over  the  edge  of  the  table.  Gastric  contents  siphon  out  first,  the 
siphon  being  started  by  the  injection  of  a  few  cubic  centimeters  of  warm 
water.  As  the  capsule  moves  through  the  pylorus  into  the  duodenum, 
the  fluid  recovered  becomes  yellowish  and  finally  a  clear  bile  is  obtained. 
It  may  vary  in  color  from  light  yellow  to  chocolate  brown.  Pure 
duodenal  fluid  is  faintly  alkaline,  clear,  of  quite  uniform  color  and 
viscid;  the  foam  is  golden.  The  liquid  must  be  alkaline.  Its  mere 
appearance  is  not  a  safe  guide  as  to  its  identity,  although  with  experi- 
ence one  may  come  to  recognize  it  readily.  The  character  of  the  fluid 
collected  must  be  observed  closely,  as  from  time  to  time  the  pylorus 
permits  the  passage  of  gastric  contents  into  the  duodenum.  This 
impure  liquid  may  be  detected  by  its  change  in  color  and  its  dull,  cloudy, 
opalescent  appearance,  diminished  viscidity,  more  rapid  flow,  and 
change  in  reaction  to  litmus  or  Congo  red.  It  should,  of  course,  be 
discarded. 

Should  the  flow  of  bile  become  interrupted  an  unusual  length  of 
time,  the  injection  of  a  little  warm  water  into  the  tube  or  the  taking  of 
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deep  breaths  by  the  patient  will  help  to  reestablish  it.     The  application 
of  suction  is  neither  necessary  nor  advisable. 

It  is  our  custom  to  collect  the  duodenal  contents  in  a  small,  amber- 
colored  bottle,  as  air  and  light  cause  the  rapid  transformation  of  the 
urobilinogen  into  urobilin;  80  c.c.  of  liquid  are  necessary  for  the  test, 
which  should  be  made  immediately. 

Laboratory  Technic* 

The  duodenal  contents  is  poured  into  a  graduated  cylinder  as  soon 
as  it  is  brought  to  the  laboratory,  and  its  gross  appearance  noted. 
Normally  it  is  a  light  straw-colored,  viscid  fluid,  and  thb  is  reported  as 
normal  yellow  (N),  The  color  may  vary  to  dark  yellow,  brown,  and 
chocolate.  The  dark-colored  fluids  always  yield  much  bilirubin,  but 
the  color  of  the  duodenal  contents  does  not  always  indicate  the  amount 
of  urobilinogen  or  urobilin  present,  as  these  substances  are  sometimes 
demonstrated  in  considerable  amounts  in  normal  yellow  fluids.  Occa- 
sionally, however,  in  cases  other  than  pernicious  anemia  or  hemolytic 
icterus,  a  colorless,  watery  secretion  with  no  biliary  pigments  or  deriva- 
tives is  collected. 

When  20  c.c.  or  more  of  clear  duodenal  contents  is  collected,  it  is 
divided  into  two  10  c.c.  portions  in  25  c.c.  graduates.  To  one  10  c.c. 
portion  is  added  an  equal  amount — 10  c.c. — of  a  saturated  alcoholic 
solution  of  zinc  acetate  (Schlesinger's  solution).!  The  mouth  of  the 
graduate  is  closed  by  the  thumb  and  the  contents  thoroughly  mixed  by 
vigorous  shaking  for  about  one  minute.  The  mixture  is  then  filtered 
through  a  single  layer  of  coarse  filter-paper,  the  filtrate  being  collected 
in  another  clean,  dry  graduate.  When  exactly  10  c.c.  of  filtrate  is 
obtained,  it  is  used  for  testing  for  urobilin  and  urobilinogen.  To  this 
mixture,  which  consists  of  5  c.c.  of  duodenal  contents  and  5  c.c.  of 
Schlesinger's  solution,  is  added  exactly  1  c.c.  of  Ehrlich's  aldehyd 
reagent.t  measured  with  a  1  c.c.  pipet.  The  color  of  the  fluid  is  usually 
significant  when  viewed  by  transmitted  and  reflected  light.  If  uro- 
bilinogen is  present  in  considerable  amount,  especially  if  it  predominates, 
the  fluid,  on  the  addition  of  Ehrlich's  reagent,  becomes  a  cherry-red, 
varying  in  intensity  with  the  amount  of  chromogen  present.  When 
there  is  a  preponderance  of  urobilin,  the  color  by  transmitted  light  is 

*  Described  by  Sanfont. 

t  Ethyl  alcohol,  300  c.c:  zinc  acetate,  quantity  sufficiept  for  saturation. 

X  ParadimethylaminobenEaldchyd,  4  gnt.;  hydrochloric  add.  30  c.c.;  dbtilled  water. 
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yellow  or  brown,  and  by  reflected  light  a  green  fluorescence,  character- 
istic of  mixtures  of  urobilin  with  zinc  salts,  is  noted.  The  graduate  is 
now  set  in  the  dark  for  fifteen  minutes  before  it  is  examined  spectro- 
scopically.  This  length  of  time  seems  necessary  to  suflBciently  sharpen 
the  absorption-bands  of  the  spectrum,  while  if  the  mixture  stands  for 
longer  intervals  of  time,  some  of  the  mother  substance,  urobilinogen, 
may  become  converted  into  urobilin. 

While  waiting  before  making  the  spectroscopic  examination  the 
second  10  c.c.  portion  is  tested  for  bilirubin.  To  the  duodenal  contents 
in  the  second  25  c.c.  graduate  is  added  exactly  10  c.c.  of  10  per  cent 
'  aqueous  solution  of  calcium  chlorid,  made  slightly  alkaline  to  litmus 
with  normal  sodium  hydrate  solution.  The  mixture  b  thoroughly 
shaken  and  then  poured  into  two  15  c.c.  centrifuge  tubes— 10  c.c.  in 
each.  It  is  then  rapidly  centrifugalized  for  a  few  minutes  to  collect  the 
precipitate  into  a  compact  mass.  The  supernatant  fluid  is  decanted, 
and  the  residue  washed  out  of  the  tubes  with  a  few  cubic  centimeters 
of  acid  alcohol*  into  a  porcelain  evaporating  dish.  In  all,  about  20  c.c. 
of  acid  alcohol  is  used  to  dissolve  the  precipitate.  The  alcohol  mixture 
is  carefully  heated  on  a  copper  warming  stage  and  allowed  to  boil 
vigorously.  The  color,  which  may  be  brick  red,  soon  changes  to  green 
if  there  is  much  bilirubin  present.  The  mixture  is  concentrated  so  that 
its  volume  just  reaches  the  "U"  in  an  Esbach  album inometer.  Alcohol 
is  added  to  the  mark  "R. "  The  color  of  the  fluid  by  transmitted  light 
is  then  compared  with  three  standard  tubes  marked  *,  **,  •**,  according 
to  the  shade  of  emerald  green  as  viewed  by  transmitted  light.  The 
standard  tubes  are  prepared  arbitrarily  from  specimens  containing 
appreciable  amounts,  moderately  large  amounts,  and  excessive  amounts 
of  bilirubin.  These  alcoholic  solutions  may  be  kept  indefinitely  without 
change  of  color,  though  it  may  be  advisable  to  place  the  tube  in  the  dark 
when  it  is  not  in  use. 

The  first  mixture  is  now  examined  spectroscopicalfy  for  urobilinogen 
and  urobilin.  The  spectroscope  we  use  is  of  the  simple  students'  type, 
having  a  collimator  with  a  slit  adjustable  by  a  thumb-screw,  a  scale 
tube,  and  a  draw-tube  type  of  telescope.  The  light  we  use  is  a  250-watt 
tungsten  electric  lamp,  mounted  on  a  stand  with  a  green  shade  reflector. 
This  is  adjusted  so  that  when  the  collimator  of  the  spectroscope  is  placed 
about  eight  inches  from  the  globe,  a  brilliant  spectrum  is  produced. 
The  glare  of  the  light  is  kept  from  the  eyes  by  the  shade  of  the  lamp, 
•  Hydrochloric  add,  5  c.c;   alcohol,  20  c,c. 
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and  by  a  shie'd  of  black  cardboard  perforated  so  that  it  may  be  slipped 
on  the  collimator  tube.  For  observing  the  absorption -bands  Schneider 
uses  a  50  c.c,  graduated  cylinder.  Our  own  observations  wfere  made  in 
this  manner  up  to  October  1,  1916;  since  that  time  we  have  used  a 
spectrum  cell  with  parallel  sides,  and  of  such  dimensions  that  the  db- 
tance  traversed  by  the  rays  of  light  in  passing  through  the  fluid  is  exactly 
one  centimeter.  Schneider  opens  the  slit  of  the  collimator  eight  half- 
turns  or  four  full  turns  of  the  adjusting  screw  when  using  a  cylinder  for 
examining  the  solution.  We  have  found  this  slit  too  wide  with  the 
standard  spectrum  cell,  and  have  accordingly  used  a  slit  of  just  half  the 
width.  Thus,  to  adjust  the  collimator,  we  completely  close  the  slit  and 
then  open  it  by  four  half-turns  or  two  complete  turns  of  the  adjusting 
screw.  This  gives  apparently  about  the  same  degree  of  absorption  with 
the  standard  cell  as  is  obtained  with  the  cylinder  when  the  slit  is  twice 
as  wide,  so  that  in  this  way  all  readings  are  made  to  conform  to  Schnei- 
der's standard. 

The  presence  of  urobilin  is  marked  by  a  broad  band  in  the  blue  end 
of  the  spectrum.  The  violet  rays  are  completely  absorbed,  and  if  there 
is  much  urobilin  present,  the  entire  blue  portion  and  nearly  all  of  the 
green  may  be  obbterated.  Urobilinogen  absorbs  a  narrow  portion  of 
the  spectrum  in  the  yellow  at  the  edge  of  the  green,  and  if  present  in 
large  amounts,  the  band  may  be  broad  enough  to  obliterate  the  entire 
yellow  portion  of  the  spectrum.  It  is  located  by  its  proximity  to  the 
"D"  Fraunhofer  line  while  urobilin  extends  from  between  the  "B"  and 
"F"  lines  to  the  violet  end  of  the  visible  spectrum. 

The  method  used  by  Schneider  to  estimate  the  quantity  of  the 
absorbing  substance  is  that  suggested  by  Wilbur  and  Addis.  The 
solution  is  diluted  carefully  with  alcohol  until  the  absorption-bands 
disappear.  The  urobilinogen  and  urobilin  differ  in  their  intensity; 
consequently  the  disappearance  of  the  absorption-bands  will  occur  with 
different  dilutions,  although  at  times  the  same  dilution  causes  the  clear- 
ing of  the  spectrum  in  both  regions.  The  end  point  is  determined  when 
the  absorption-band  disappears,  but  can  be  made  out  faintly  when  the 
slit  is  narrowed  to  just  half  of  its  former  opening;  that  is,  when  the 
cylinder  method  is  used,  the  adjusting  screw  is  turned  four  half-turns. 
With  the  standard  spectrum  cell  the  end  point  is  determined  by  causing 
the  reappearance  of  absorption -bands  with  two  half-turns. 

The  amount  of  urobilin  and  urobilinogen  is  estimated  according  to 
the  Wilbur  and  Addis  method  for  1000  c.c.  by  multiplying  the  number 
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of  dilutions  by  200.  This  factor  is  used  since  5  c.c.  of  duodenal  contents 
is  represented  in  10  c.c.  of  filtrate  obtained  from  the  mixture  with  the 
Schiesinger  solution.  The  number  of  units  of  urobilinogen  and  urobilin 
are  added  together  and  the  total  number  of  units  reported,  for  exam- 
ple, urobilinogen  (three  dilutions)  3  X  200  =  600  units;  urobilin  (four 
dilutions)  4  X  200  =  800  units;  total,  1400  units. 

CuNiCAL  Observations* 
A  total  of  119  tests  have  been  made  in  89  cases.     The  results  will 
be  considered  in  three  groups: 

1.  Results  obtained  in  a  series  of  miscellaneous  ca^es  of  which  there 
were  22  and  22  tests. 

2.  The  findings  in  hemolytic  jaundice,  6  cases,  12  tests. 

3.  The  findings  in  pernicious  anemia,  61  cases,  85  tests. 

The  study  includes  the  tests  made  in  all  cases  up  to  November  15, 
1916,  with  the  exception  of  9  in  which  the  diagnoses  were  so  obscure  as 
to  render  the  results  positively  and  negatively  valueless.  Brief  protocols 
of  the  22  cases  in  the  miscellaneous  group  are  presented. 

1.  Miscellaneous  Cases 
Anemia  from  Hemorrhage 

Case  1  (157200). — Woman,  aged  fifty  years.  Uterine  myomas. 
Hysterectomy.  Spleen  normal  in  size  but  hard;  liver  congested. 
Hemoglobin,  30  per  cent;  red  blood-cell.s,  3,470,000. 

Duodenal  contents:  Color,  yellow.  L'robilin,  200  units;  urobilino- 
gen, trace;   total,  200  +  units. 

Case  2  (164791). — Woman,  aged  forty-one  years.  Hysterectomy. 
Appendectomy.  Spleen  twice  normal  size;  liver  slightly  enlarged. 
Hemoglobin,  35  per  cent;   red  blood-cells.  3,190.000. 

Duodenal  contents:  Color,  yellow.  Urobilin,  200;  urobilinogen,  0; 
total,  200. 

Case  3  (lS6ol4).^Woman,  aged  forty-seven  years.  Cer\'ical  polyp. 
Melancholia  of  climacteric.  Liver  normal;  spleen  normal.  Hemo- 
globin, 50  per  cent;   red  blood-cells,  3,600,000. 

Duodenal  contents:   Urobilin,  200;   urobilinogen,  0;  total.  200. 

Case  4  (ip0583).^Man,  aged  fifty-nine  years.  Bleeding  hemor- 
rhoids. Liver  just  palpable;  spleen  normal.  Hemoglobin,  30  |)er  cent; 
red  blood-cells,  3,340,000. 

Duodenal  contents:  Color,  yellow,  l'robilin,  trace;  urobilinogen, 
trace;   total,  less  than  200. 

•  Made  by  Giffin. 
'17—30 
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Case  5  (174166).— Woman,  aged  twenty-five  years.  Slight  menor- 
rhagia.  Liver  normal;  spleen  normal.  Hemoglobin,  60  per  cent;  red 
blood-cells,  4,460,000. 

Duodenal  contents:  Color,  yellow.  Urobilin,  500;  urobilinogen,  0; 
total,  500. 

Chronic  Arthritis 

Case  6  (85456). — Man,  aged  fifty-one  years.  Mild  arthritis  and 
neuralgia.  Liver  normal;  spleen  just  palpable.  Hemoglobin,  72  per 
cent;  red  blood-cells,  4,620,000. 

Duodenal  contents:  Color,  yellow.  Bilirubin,  trace;  urobilin,  800; 
urobilinogen,  0;  total,  800. 

Case  7  (131120). — Man,  aged  fifty  years.  Mild  chronic  arthritis; 
dental  abscesses;  chronic  tonsillitis.  Liver  normal;  spleen  normal. 
Possibility  of  pernicious  anemia.  Hemoglobin,  38  per  cent;  red  blood- 
cells,  1,700,000;  white  blood-cells,  18,200;  color  index,  1. 1.  (One  year 
ago  hemoglobin,  57  per  cent;  red  blood-cells,  4,080,000). 

Duodenal  contents:   Urobilin,  600;  urobilinogen,  600;  total,  1200. 

Dental  Abscesses.    Anemia  of  Secondary  Type 

Case  8  (162929). — Woman,  aged  thirty-two  years.  Liver  normal; 
spleen  just  palpable.  Hemoglobin.  52  per  cent;  red  blood-cells,  4,520,000. 

Duodenal  contents;  Color,  yellow.  Bilirubin,  trace.  Urobilin,  600; 
urobilinogen,  0;  total,  600. 

Cholelithiasis 

Case  9  (151433). — Woman,  aged  fifty-seven  years.  Gallstones. 
Slight  possibility  of  pernicious  anemia.  Cholecystectomy.  Liver  nor- 
mal; spleen  normal.  Hemoglobin,  49  per  cent;  red  blood-cells,  2,360,- 
000;  color  index,  1. 

Duodenal  contents:  Color,  yellow.  Urobilin,  600;  urobilinogen,  0; 
total.  600. 

Syphilis 

Case  10  (153153). — Woman,  aged  thirty-two  years.  Syphilb  of  the 
liver  and  spleen.  Splenectomy  Aprii  29.  1916;  spleen,  760  grams. 
Liver  very  large,  with  gummas  and  contractures.  Hemoglobin,  49  per 
cent;  red  blood-cells,  3,430,000. 

Duodenal  contents:  Color,  yellow.  Urobilin.  1000;  urobilinogen, 
trace;  total.  1000-F. 

Case  11  (151226).— Woman,  aged  thirty-four  years.  Probable 
luetic  anemia.  Some  evidence  of  nephritis.  Absence  of  history  of 
pernicious  anemia.  Liver  normal;  spleen  normal.  Hemoglobin,  45 
per  cent;  red  blood-cells,  3,330,000;  color  index,  .6. 

Duodenal  contents:  Color,  yellow.  Bilirubin,  trace.  Urobilin,  800; 
urobilinogen,  0;   total,  800. 
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Carcinoma 

Case  18  (16946«), — Man,  aged  forty-five  years.  Carcinoma  of 
stomach.  Roentgen  findings  of  extensive  carcinoma.  Wassermaiin 
negative.     Hemoglobin,  29  per  cent;   red  blood-cells,  3,190,000. 

Duodenal  contents:  Color,  yellow.  Urobilin,  400;  urobilinogen, 
trace;  total,  400+. 

Tuberculosis 

Cabe  13  (182671). — Woman,  aged  thirty  years.  Tuberculous  sal- 
pingitis. Tuberculous  peritonitis  found  at  operation  elsewhere.  Moder- 
ate splenomegaly.     Hemoglobin,  35  per  cent;  red  blood-cells,  4,410,000. 

Duodenal  contents:  Color,  brown.  Bilirubin  +  +  ;  urobilin,  400; 
urobilinogen,  600;  total,  1000. 

Chronic  Septic  Splenomegaly 

Case  14  (154572). — Woman,  aged  thirty-one  years.  Chronic  septic 
splenomegaly.  History  of  scarlet  fever,  frequent  sore  throat,  and 
"grippe."  Attacks  of  left  upper  abdominal  pain  two  years.  Cesarean 
section  fifteen  months  previou.sly.  Two  weeks  afterward  excruciating 
upper  abdominal  pain'.  Exploration  elsewhere,  large  spleen  found,  but 
nothing  done.  History  suggestive  of  abdominal  thrombophlebitis. 
Splenectomy  April  12,  1916;  spleen,  365  grams.  Multiple  infarcts. 
Hemoglobin,  50  per  cent;  red  blood-cells,  4,600,000;  white  blood-eells. 
10,400. 

Duodenal  contents:  Color,  yellow.  Urobilin,  400;  urobilinogen,  0; 
total,  400. 

Splenic  Anemia 

Case  15  ( 158085). ^Man,  aged  twenty-nine  years.  Splenic  anemia. 
History  of  ^vere  hemorrhages.  Melena.  Splenectomy;  spleen,  780 
(?)  grams;  liver  moderately  enlarged.  Hemoglobin,  45  per  cent;  red 
blood-cells,  3.330,000;   white  blood-cells,  3600. 

Duodenal  contents  before  splenectomy:  Color,  yellow.  Bilirubin, 
trace.     Urobilin,  1000;  urobilinogen,  200;  total.  1200. 

Portal  Atrophic  Cirrhosia  of  Liver 

Case  16  (148570). — Man,  aged  sixty-two  years.  Portal  atrophic 
cirrhosis  of  the  liver-  History  of  alcoholism.  Ascites.  Liver,  720 
grams;  spleen,  450  grams.  Hemoglobin,  70  per  cent;  red  blood-cells, 
3,530,000. 

Duodenal  contents:  Color,  yellow.  Bilirubin, +-i-;  urobilin,  1000; 
urobihnogen,  trace;  total,  lOOO-f. 

Polycythemia 

Case  17  (174186). — Man,  aged  fifty-one  years.  Polycythemia. 
Cyanosis.     Liver  moderately  enlarged;    spleen   moderately   enlarged. 
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Diabetes,  ten-year  history.  Nine  months  previously  red  blood-cell 
count  elsewhere,  9,o00,0O0.  X-ray  treatment  with  improvement.  .\t 
present,  hemof^lobin,  93  percent;  red  blood-cells,  5,380.000.  Coagula- 
tion time,  ten  minutes  (Boggs).     Bleeding  time,  five  minutes. 

Duodenal  contents:  Color.brown.  Bilirubin, +  +  +  ;  urobilin, 300; 
urobilinogen,  500;   total,  1000. 

Myelogenous  Leukemia 

Case  18  (157746).^ — Man,  aged  thirty-two  years.  Spleen  enormously 
enlarged;  liver  slightly  enlarged.  Slight  degree  of  jaundice.  Duration 
of  history  one  and  one-half  years.  Splenomegaly  one  year.  Hemo- 
globin. 45  per  cent;  red  blood-cells,  3,1«0.000;  white  blood-cells. 
496,000;  myelocytes,  43.7  per  cent. 

Duodenal  contents:  Color,  yellow.  Urobilin,  trace;  urobilinogen, 
trace;  total,  less  than  200. 

Ca8E  19  (158647). — Man,  aged  fifty-two  years.  Spleen  enormou-sly 
enlarged.  Liver  normal.  Jaundice  questionable.  Length  of  history 
one  year.  Splenomegaly  six  months.  Hemoglobin,  55  per  cent;  red 
blood-cells,  3,450.000;  white  blood-cells,  307,QOO;  myelocytes,  29.7 
per  cent. 

Duodenal  contents:  Color,  yellow.  Bilirubin,  trace;  urobilin,  2000; 
urobilinogen,  540;  total,  2540. 

Case  20  (159989).— Man,  aged  thirty-nine  years.  Spleen  mod- 
erately enlarged;  liver  normal.  Jaundice(.*)  Length  of  history,  twenty- 
two  months.  Sijlenoinegaly  ten  months  Hemoglobin,  53  per  cent; 
red  blood-cells,  3,210,000;  white  blood-cells,  341,000;  myelocytes, 
29  per  cent. 

Duodenal  contents:  Color,  yellow.  Urobilin,  800;  urobilinogen,  0; 
total,  800. 

Case  2!  (173747). — Man,  aged  thirty-nine  years.  Spleen  enor- 
mously enlarged;  liver  moderately  enlarged.  Slight  jaundice.  Spleno- 
megaly two  years.  Hemoglobin,  4i  i>er  cent;  red  blood-cells,  2,180,000; 
white  blood-ceils,  8200;  myelocytes,  15.7  per  cent. 

Duodenal  contents:  Color,  brown.  Bilirubin,  -(--|-  +  ;  urobilin, 
900;  urobilinogen,  200;   total.  1100. 

Combined  Sclerosis 

Case  22  (154069).— Man,  aged  thirty-eight  years.  Marked  ataxia; 
duration,  six  months.  Neurologic  examination  showed  findings  of 
advanced  combined  sclerosis.  Wassermann  tests  negative.  Hemo- 
globin, 54  per  cent;  red  blood-cells,  3.720,000;  color  index,  .7.  The 
existence  of  pernicious  anemia  is  highly  probable. 

Duodenal  contents:  Color,  brown.  Bilirubin,  +  +  +  ;  urobilin. 
5500;  urobilinogen,  2000;  total,  7500. 
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A  summary  of  the  values  is  given  in  Table  1. 

TABLE  1.— MISCELLANEOUS  CASES:  SUMMARY  OF  VALUES 


Anemia  from  hemorrhage  (averages) 

Chronic  arthritis  (averages) 

Denial  abscesses 

Cholelithia«s 

Syphilis  (avetages) 

Carcinoma 

Tuberculous  salpingitis 

Chronic  septic  splenomegaly 

Splenic  anemia 

Portal  atrophic  cirrhosis 

Polycythemia 

Mj-elogennua  leukemia  (averages) 

Combined  sclerosis  (pernicious  anemia?)  . 


All  these  patients  save  three  suffered  from  a  moderate  or  severe 
anemia.  The  patient  with  polycythemia  had  a  hemoglobin  of  93  per 
cent  and  a  red-cell  count  of  5.320,000  at  the  time  of  examination;  the 
value  for  urobilin  was  500  units  and  that  for  urobilinogen  500  units.  The 
patient  with  portal  cirrhosis  had  a  hemoglobin  of  70  per  cent  and  a 
red-cell  count  of  3,530,000;  the  urobilin  was  lOdO  units  and  urobilinogen 
a  trace.  One  of  the  patients  with  chronic  infectious  arthritis  had  a 
hemoglobin  of  72  per  cent  and  a  red-cell  count  of  4,620,000;  the  urobilin 
was  800  units  and  urobilinogen  zero.  These  three  determinations  are 
unaffected  by  anemia.  They  all  show  total  values  of  approximately 
1000  units.  It  has  been  concluded  by  other  observers  that  total  values 
of  1000  units  or  less  are  normal. 

The  values  in  cases  of  anemia  from  hemorrhage  were  especially 
low— possibly  indicating  an  actual  decrease  of  blood  destruction  below 
normal.  In  anemias  of  infectious  origin,  in  syphilis,  in  carcinoma,  and 
in  cirrhosis  of  the  liver  the  total  values  for  urobilin  and  urobilinogen 
were  1000  units  or  less.  Three  of  four  patients  with  myelogenous 
leukemia  gave  low  determinations;  in  one,  however,  the  total  was  2540 
units. 

The  group  as  a  whole  demonstrates  consistently  low  values  for  the 
purely  secondary  types  of  anemia,  irrespective  of  the  severity  of  the 
anemia.  Patients  with  simple  anemia  from  hemorrhage  present  the 
lowest  values  of  the  series. 


ey  Google 


470  h.  z.  giffin,  a,  h.  sanford,  and  t.  l.  szlapka 

2.  Hemolytic  Jaundice 
Twelve  determinations  of  the  pigments  in  the  duodenal  contents 
have  been  made  in  six  patients  mith  hemolytic  jaundice.     Brief  protocols 
of  these  cases  follow : 

Case  1  (118836). — Woman,  aged  forty-nine  years.  Acquired  type 
of  hemolytic  jaundice,  with  the  blood-picture  of  a  priraaiy  anemia. 
Increased  fragility  of  erythrocytes.  Gallstones  and  a  large  slightly 
cirrhotic  liver  were  found  at  operation.  Weight  of  spleen,  910  grams. 
Patient  returned  during  relapse  one  year  and  eight  and  one-half  months 
after  splenectomy.  The  liver  was  then  very  large.  Hemoglobin,  45 
per  cent;  red  blood-cells,  3,880,000;  white  blood-cells.  3400;  normo- 
blasts, 152  in  300  cells.  Duodenal  test,  one  year  eight  and  one-half 
months  after  splenectomy ;  Color,  brown.  Bilirubin,  +-f--(-;  urobilin, 
3000;  urobilinogen,  1000;  total,  4000.  The  patient  improved  markedly 
after  two  transfusions,  hut  a  subsequent  estimation  of  the  pigments  was 
not  made. 

Case  2  (15S245). — Woman,  aged  thirty-eight  years.  Severe  case  of 
congenital  type  with  enlarged  liver  and  gallstones.  Increased  fragility 
of  erythrocytes.  Weight  of  spleen,  1700  grams.  Hemoglobin,  47  per 
cent;  red  blood-cells.  2,840,000;  white  blood-celts,  9800;  no  normo- 
blasts. 

Duodenal  test  one  day  before  splenectomy:  Color,  yellow.  Bili- 
rubin. -I-  -I-  -F ;  urobilin,  4600;  urobilinogen,  1000;  total,  5600.  Thirty- 
eight  days  after  splenectomy ;  Color,  yellow.  Bilirubin,  trace;  urobilin, 
1400;  urobilinogen.  1800;  total.  3200.  The  hemoglobin  at  the  time  of 
the  latter  test  was  70  per  cent;  red  cells,  4,960,000;  no  normoblasts. 

Case  3  (148209). — Man,  aged  twenty  years.  Mild  case  of  con- 
genital type.  Increased  fragility  of  erythrocytes.  At  operation  liver 
showed  evidence  of  early  cirrhosis.  Weight  of  spleen,  300  grams. 
Hemoglobin,  70  per  cent;  red  blood-cells,  4,920,000. 

Duodenal  test  forty-seven  days  before  splenectomy:  Color,  yellow. 
Bilirubin,  trace;  urobilin,  1400;  urobilinogen.  1000;  total.  2400. 
Fourteen  days  before  splenectomy:  Color,  yellow.  Bilirubin,  trace; 
urobilin,  2000;  urobilinogen,  1200;  total,  3200.  Thirteen  days  after 
splenectomy:  Color,  yellow.  Urobilin,  800;  urobilinogen,  1000;  total, 
1800.  One  hundred  and  forty  days  after  operation:  Color,  yellow. 
Urobilin,  trace;  urohihnogen,  400;  total,  400-|-. 

Case  4  (161538). — Woman,  aged  twenty-seven  years.  Moderately 
severe  case  of  congenital  type.  Increased  fragility  of  erythrocytes. 
Liver  probably  normal.  Gallstones  present.  Weight  of  spleen,  560 
grams.     Hemoglobin,  64  per  cent;  red  blood -cells,  3,860,000. 

Duodenal  test  three  days  before  splenectomy :  Color,  yellow.     Uro- 
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bilin,  500;  urobilinogen,  500;  total,  1000.  Twenty-three  days  after 
splenectomy:  Color,  light  brown.  Bilirubin,  trace;  urobilin,  400; 
urobilinogen,  0;  total,  400.  At  the  time  of  the  latter  test  the  hemoglobin 
was  70  per  cent,  the  red  blood-cells  4.680,000. 

Case  5  (162670).— Man,  aged  thirty-one  years.  Moderately  severe 
case,  probably  of  congenital  type.  Increased  fragility  of  erythrocytes, 
liver  normal.  Gallstones  present.  Spleen  weighed  1250  grams. 
Hemoglobin,  67  per  cent;  red  blood-cclb,  3,650,000.  Considerable 
deformity  of  red  cells. 

Duodenal  test  four  days  before  splenectomy:  Color,  brown.  Bili- 
rubin, +  +  +  ;  urobilin,  1400;  urobilinogen,  1800;  total.  3200.  Twenty- 
one  days  after  splenectomy;  Color,  brown.  Bilirubin,  +  +  ;  urobilin, 
1000;  urobilinogen,  200;  total,  1200.  The  hemoglobin  at  the  time  of 
the  latter  test  was  80  per  cent;  red  blood-cells  4,022,000. 

Case  6  (153653). — Man,  aged  twenty-three  years.  Mild  case  with 
some  evidence  that  a  familial  factor  was  present.  Increased  fragility 
of  erythrocytes.  Non-operative.  Spleen  moderately  enlarged.  Hemo- 
globin, 60  per  cent;  red  blood-cells,  3,900,000;  whke  blood-cells,  5800; 
no  normoblasts. 

Duodenal  test:  Color,  dark  yellow.  Bilirubin,  -|-;  urobilin,  3000; 
urobilinogen,  trace;  total,  3000-I-.  (The  low  urobilinogen  may  have 
been  due  to  delay  in  making  the  estimation.) 

The  values  for  urobilin  and  urobilinogen  in  the  duodenal  contents 
are  very  markedly  increased  in  cases  of  hemolytic  jaundice.  A  few 
reported  cases  have  shown  even  higher  values  than  those  we  have 
demonstrated.  High  values  are  found  even  when  a  moderate  degree  of 
anemia  is  present.  In  Case  3,  at  the  time  of  the  first  two  tests,  the 
anemia  was  not  severe;  however,  abnormally  large  amounts  of  pigment 
were  obtained.  Severe  grades  of  anemia  are  associated  with  very  high 
values;  in  C.ase  2,  with  a  red  cell  count  of  2,840,000,  the  total  values  were 
5600  units.  If  these  values  are  a  reasonably  accurate  index  of  hemolysis, 
blood  destruction  in  hemolytic  jaundice  is  probably  much  increased  at 
a  time  when  blood  production  is  not  seriously  affected.  This  is  in  con- 
trast to  our  experience  with  pernicious  anemia,  in  which  the  evidence  of 
bone-marrow  insufficiency  is  usually  marked  and  the  evidence  of  blood 
destruction  extremely  variable.  Patients  with  pernicious  anemia,  who 
show  high  values  for  urobilin  and  urobilinogen  at  a  time  when  the  blood 
count  is  low,  frequently  show  very  low  values  when  the  blood  count  has 
risen  to  the  level  of  a  moderate  anemia.  Patients  with  hemolytic 
jaundice,  on  the  other  hand,  may  show  high  values,  with  only  a  slight 
In   two  patients  with   very  high   values  the  blood-picture 
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simulated  that  of  pernicious  anemia.     An  excessive  degree  of  blood 
destruction  probably  exhausted  the  bone- marrow. 

In  four  of  these  patients  tested  before  and  after  operation  there  was 
an  appreciable  reduction  in  the  values  for  bile-pigments  following 
splenectomy.  In  two  of  them  a  decided  decrease  in  the  amount  of 
urobilinogen  was  revealed.  In  Case  3  a  former  operation  for  cholecysti- 
tis had  not  reduced  the  values  to  normal.  The  preoperative  values  of 
these  four  patients  averaged  2050  units  for  urobilin  and  1100  units  for 
urobilinogen,  a  total  of  3150  units.  The  average  postoperative  values 
at  periods  varying  from  thirteen  days  to  four  months  after  splenectomy 
were  800  units  for  urobilin  and  625  units  for  urobilinogen,  a  total  of  1425 
(Table  2). 


TABLE  a. 
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3.  Pernicious  Anemia 
Eighty-five  estimations  were  made  in  61  cases  of  pernicious  anemia. 
In  6  of  the  cases  the  tests  were  done  only  after  splenectomy,  thereby 
reducing  the  number  of  medical  and  preoperative  observations  from 
61  cases  to  55  cases.  The  average  of  the  readings  for  urobilin  in  these 
55  cases  was  1856.5  units,  and  that  for  urobilinogen,  1004.5  units.  The 
average  total  for  urobilin  and  urobilinogen  was,  therefore,  3461  units. 
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This  average  is  approximately  four  times  normal,  and  remarkably  close 
to  the  figure  obtained  by  Schneider  in  his  recently  reported  series. 

Nine  of  the  55  patients  showed  total  values  less  than  1000;  in  other 
words,  84  per  cent  gave  values  of  1000  units  and  over.  It  is  our  expe- 
rience that  patients  more  than  fifty-five  years  of  age,  and  particularly 
more  than  sixty  years  of  age,  not  uncommonly  show  low  values.  In 
these  senile  types  there  is  frequently  evidence  of  advanced  bone-marrow 
damage,  with  little  active  hemolysis.  Some  of  these  anemias  may,  in 
reality,  be  osteosclerotic  in  origin,  but  this  distinction  is  difficult  to  make 
clinically. 

It  is  also  our  experience  that,  as  the  blood  improves  in  pernicious 
anemia,  the  duodenal  values  quickly  decline.  When  the  red  cells  reach 
3,500,000,  the  duodenal  values  are  quite  apt  to  run  below  1000  units 
total.  The  average  in  3  patients  with  red-cell  counts  above  3,500,000 
cells  was  433.3  units  for  urobilin  and  466.6  units  for  urobilinogen,  making 
a  total  of  809.9  units.  Moreover,  a  few  patients  who  have  had  repeated 
tests  during  treatment  have  shown  this  same  rapid  decline  in  values 
when  the  anemia  became  of  moderate  grade.  Hemolytic  jaundice,  on 
the  other  hand,  gave  high  values  even  when  the  anemia  was  slight. 

It  is,  therefore,  to  be  concluded  that  a  certain  number  of  patients 
with  undoubted  pernicious  anemia  do  show  low  total  values  at  certain 
times.  On  the  other  hand,  urobilinogen  will  be  present  in  an  appre- 
ciable amount.  The  most  noteworthy  constant  is  the  presence  of  an 
estimable  amount  of  urobilinogen.  Urobilinogen  was  absent  in  only 
1  of  the  65  medical  and  preoperative  cases;  in  2  others  there  was  a  trace; 
in  Si,  urobilinogen  was  present  in  relatively  large  amounts;  in  S4,  or 
nearly  one-half  of  the  cases,  urobilinogen  was  present  in  even  larger 
amounts  then  urobilin.  The  presence  of  large  quantities  of  urobilinogen 
before  splenectomy,  and  its  complete  absence  in  at  least  75  per  cent  of 
the  cases  after  splenectomy,  are  very  striking  findings  and  may  have 
an  important  significance. 

The  highest  total  values  were  obtained  in  patients  with  red-cell 
counts  between  2.5  and  3.5  million  cells.  They  were  slightly  lower  in 
patients  with  erythrocyte  counts  between  1.5  and  S.5  million  cells  and 
considerably  lower  in  patients  with  erythrocyte  counts  below  1.5  million 
cells.  The  lowest  values  were  obtained  in  patients  with  counts  over 
3.5  million  cells,  but  even  in  these  urobilinogen  was  present  in  a  dis- 
tinctly abnormal  amount.  The  most  active  hemolysis  seems  to  occur 
in  the  patients  with  counts  between  i.5  and  3.5  million  cells,  but  this 
may  be  due  to  the  fact  that  patients  are  only  rarely  seen  at  the  onset 
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of  a  period  of  active  blood  destruction.  As  a  group,  these  latter  cases 
show  evidence  of  very  active  hemolysis,  and  at  the  same  time  evidence 
of  active  blood  production  (Table  3). 

TABLE  3.— ESTIMATION  OF  PIGMENTS  IN  THE  DUODENAL  CONTENTS- 
VALUES   WITH   RESPECT   TO   ERYTHROCYTE   COUNT 

pERSnOIOUK  .KXIMIA  (MeDICAL  AND  PREOPERATIVE) 


e""*" 

1i™r 

■^Pf" 

Erythrocytes  1.5  millions  and  bebw 

Erythrocytes  l.S  to  a.5  millions 

Erythrocytes  2.5  to  3.SmUlions 

Erythrocyte*  S.S  millions  and  over 

11 

se 

'I 

1496.3 
1884.3 
2346.1 
433.3 

1472.7 
172S.e 
1633.8 
466.6 

2969.0 
S589.3 
39«9.g 
899.9 

Heuolttic  Jaundice  (Mei 


Erythrocytes  3.5  millions  and  o' 


L  AND  PrEOPE&ATIVE) 

I     1650.0     I       850.0 


Age. — -Tiie  average  totals  for  patients  under  fifty-five  years  of  age 
showed  very  little  variation  by  decades.  Over  the  age  of  fifty-five 
there  was  a  decided  drop  both  in  urobilin  and  urobilinogen.  Between 
the  ages  of  fifty-six  and  sixty  years  the  totals  average  2644.2;  over  the 
age  of  sixty  they  average  1600,  while  under  fifty-five  the  average  totals 
for  decades  vary  between  3325  and  4238  (Table  4). 

TABLE  4.— ESTIMATION  OF  PIGMENTS  IN  THE  DUODENAL  CONTENTS: 

VALUES  WITH  RESPECT  TO  AGE 

PEHNicioua  Anuita  (Medical  and  Preoperative) 


AoE  OF  Patient 

NuuBn 

(Fsm 

t™™) 

Hl"«) 

3 
10 

n 

16 
9 
5 

2266.6 
1935.0 
2075.0 
2200.6 
1372.0 
660.0 

18S3.3 
1370.0 
1681.6 
203T.6 
1272.2 
940.0 

40999 

31-W 

3325.0 

51-53 

4238. 1 

OiereOyears 

1600.0 

Size  of  spleen. — High  values  were  obtained  both  in  patients  with 
large  spleens  and  in  those  with  small  spleens.  Lower  values  were 
obtained  in  those  with  spleens  of  moderate  size,  that  is,  weighing  from 
200  to  500  gm.  The  highest  urobilinogen  values  were  obtained  in 
patients  with  spleens  of  200  gm.  and  less.  It  is  impossible  to  determine 
the  significance  of  these  findings  with  respect  to  the  size  of  the  spleen. 
The  degree  of  pathologic  or  of  functional  damage  in  the  Hver  may  be 
the  important  factor.     Patients  with  small  spleens  have  more  con- 
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statitly  shonti  evidence  of  advanced  pathologic  change  in  the  liver 
(Table  5). 

TABLE  3.— ESTIMATION  OP  PIGMENTS  IN  THE  DUODENAL  CONTENTS: 

VAUES  WITH  RESPECT  TO  WEIGHT  OF  SPLEEN 

PERNinoi's  Anrmia  (Preopehative  Khtimations) 


»•■-•"»-■> 

Ndh>u 

(Unit.) 

uio™' 

TOTAI. 

800  gnm*  and  b*low 

200  BTflras  to  iOO  grams 

Ovn  300  gnms 

4 
6 

sooo.o 

343S.3 

4000.0 
148T.3 
1433.3 

5000.0 
3830.0 
4666,6 

Values  After  Splbnectomv 

A  very  striking  reduction  is  observed  in  the  values  after  splenectomy. 
A  total  of  19  patients  was  examined  after  splenectomy;  IS  both  before 
and  after  operatioD.  The  average  of  the  total  values  for  these  13 
patients  became  reduced  from  4492.2  to  1134.6  units.  Urobilinogen  in 
10  of  the  13  cases  was  reduced  to  zero  or  a  trace.  Of  the  entire  group 
of  19  examined  after  splenectomy,  13  gave  values  for  urobilinogen  of 
zero  or  a  trace.  Three  showed  urobilinogen  over  1000  unit^  after  sple- 
nectomy, but  judging  from  the  clinical  history  these  readings  probably 
became  reduced  later. 

Two  patients  who  had  high  values  for  urobilinogen  following  splenec- 
tomy, showed  no  definite  improvement  in  the  anemia.  The  liver  was 
enlarged  in  each  instance,  and  an  exposure  of  the  liver  to  radium  was 
suggested.  The  application  of  50  mg.  of  radium  over  five  areas  for  a 
total  of  ten  hours  was  followed  by  a  very  marked  reduction  in  the  size 
of  the  liver,  a  fall  in  duodenal  values  and  a  prompt  improvement  in  the 
anemia  (Tables  6  and  7). 


P«roiciou>   anemia    (medical   and    pre- 

Pemidoiu  anemia  (preoperative) 

Pernicioui  aaemU  (poat-operative) 

Pemirious  anemia  (poat-operative)  .... 

Hemolytic  jaundifx  (preoperative) 

Hemolytic  jaundice  (post-operative) .  .  ,  . 
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Transfusions 
Transfusions  did  not  seem  to  affect  the  duodenal  VBlues.  However, 
estimations  were  not  made  the  6rst  or  second  day  following  transfusion, 
at  which  time  an  increase  in  the  amounts  of  pigments  might  be  expected. 
Estimations  made  five  and  ten  days  following  transfusion  gave  ao 
unusual  values. 

Bilirubin 
An  excess  of  bilirubin  was  usually  present  when  large  amounts  of 
urobilin  and  urobilinogen  were  found.  This  relationship  was  by  no 
mefuis  constant.  An  excess  of  bilirubin  was  not  infrequently  found  with 
low  values  for  urobilin  and  urobilinogen,  and  very  small  amounts  of 
bilirubin  were  occasionally  found  with  high  values.  The  amount  of 
bilirubin,  therefore,  does  not  run  parallel  with  the  values  for  urobilin 
and  urobilinogen.  These  values  are  probably  indicative  of  some  quite 
different  function  or  impairment  of  function  in  pathologic  conditions. 

SUUMARY 

1.  With  a  few  slight  modifications  of  technic  we  have  used  the 
method  of  Schneider  in  estimating  quantitatively  the  amounts  of  uro- 
bilinogen and  urobilin  in  the  duodenal  contents  obtained  by  means  of  an 
Einhom  tube.  The  procedures  are  simple  and  can  be  carried  out  in  any 
clinical  laboratory.  The  results  are  comparable  with  those  obtained  by 
the  more  complicated  and  time-consuming  methods  in  which  stool- 
extracts  are  used  for  the  estimation  of  these  pigments. 

i.  In  a  group  of  22  miscellaneous  cases  low  values  were  obtained  in 
patients  with  anemia  from  hemorrhage,  carcinomti,  tuberculous  peri- 
tonitis, syphilis,  portal  cirrhosis,  chronic  infectious  arthritis,  and  gall- 
stones. They  were  low  in  three  of  four  patients  with  myelocytic 
leukemia.  The  amounts  of  these  pigments  were  especially  low  in  cases 
of  anemia  from  hemorrhage. 

3.  In  hemolytic  jaundice  the  values  were  consistently  high,  even 
when  severe  anemia  was  not  present.  The  values  fell  appreciably  after 
splenectomy,  but  not  as  promptly  as  in  pernicious  anemia. 

4.  In  pernicious  anemia  the  amounts  of  urobilin  and  urobilinogen  in 
the  duodenal  contents  were  above  normal  in  84  per  cent  of  the  cases. 
The  amount  of  urobilinogen  was  constantly  increased  when  the  anemia 
was  severe.     Patients  over  the  age  of  fifty-five  showed  lower  values  than 
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younger  patients.  The  values  presented  no  definite  relationship  to  the 
size  of  the  spleen.  Following  splenectomy  there  was  a  veiy  definite 
decrease  in  the  amounts  of  urobilin  and  urobilinogen;  the  decrease  in 
urobilinogen  was  especially  noticeable. 

5.  The  amounts  of  bilirubin  in  the  duodenal  contents  did  not  run 
constantly  parallel  to  the  amounts  of  urobilin  and  urobilinogen. 
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For  years  transfusion  has  been  looked  upon  as  a  valuable  emergency 
life-giving  measure.  Recent  simplification  in  technic  bas  brought  it  into 
popular  favor,  and  the  benefits  of  this  form  of  therapy  can  now  be 
utilized  by  any  physician.  The  obstacles  in  the  way  of  transfusion  at 
present  are  not  difficulties  in  the  operation  itself,  but  fears  arising  from 
the  knowledge  that  the  selection  of  a  donor  is  a  matter  of  absolute 
moment,  and  that  the  results  may  be  most  disastrous  if  a  weak,  perhaps 
dying,  patient  is  suddenly  shocked  by  the  introduction  within  bis  veins 
of  incompatible  blood. 

Years  ago  Landsteiner  pointed  out  the  fact  that  human  beings  can 
be  classified  in  groups  by  studying  the  action  of  the  serum  of  one  person 
upon  the  corpuscles  of  another.  Several  years  later  Moss  made  the 
discovery  that  there  were  not  only  three  groups,  as  the  former  worker 
had  reported,  but  a  fourth  group.  The  interrelation  of  the  Moss 
agglutination  groups  is  easily  understood  from  the  accompanying 
diagram  (Fig.  134). 

It  is  evident  that  care  must  be  exercised  in  the  selection  of  the  donor. 
If  possible,  it  is  best  to  have  the  donor  and  the  patient  in  the  same  group. 
This  is  not  absolutely  necessary,  however.  The  rule  for  the  selection 
of  the  donor  is  evolved  on  common-sense  principles.  Blood  of  a  donor 
containing  agglutinin  for  the  patient's  corpuscles  can  be  transfused  with 
impunity,  as  it  is  immediately  diluted  and  diffused  in  the  patient's  own 
blood,  doing  little,  if  any  damage,  to  his  corpuscles.  On  the  other  hand, 
if  a  donor's  corpuscles  are  agglutinated  by  the  patient's  serum,  the 
transfusion  will  result  in  an  immediate  clumping  together  of  the  trans- 
fused corpuscles.  The  mass  action  of  a  large  amount  of  agglutinating 
serum  on  a  comparatively  small  amount  of  corpuscles  produces  a  reac- 
tion in  the  patient  similar  in  all  respects  to  anaphylactic  shock.  A 
atudy  of  the  diagram  makes  it  appear  that  any  donor  can  be  used  for 
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Group  1  individuals,  as  they  cannot  agglutinate  corpuscles  from  any 
group.  On  the  other  hand.  Group  4  persons  (43  per  cent  of  all)  must 
have  donors  from  their  own  group,  as  their  serum  agglutinates  the 
corpuscles  of  all  other  groups.  However,  a  Group  4  donor  can  be  used 
for  any  one,  as  his  corpuscles  are  not  agglutinable.  Group  i  and  Group 
3  donors  are,  of  course,  absolutely  incompatible  with  each  other.  Pa- 
tients of  these  groups  must  have  donors  of  their  own  group  or  of  Group  4. 
There  are  several  methods  for  selecting  donors  which  I  shall  review 
briefly  before  describing  in  detail  a  simple  method  that  can  be  used  by 
any  one  who  does  only  an  occasional  transfusion. 


Fii.  !a*.-M«.  >«gbi>D.t 


The  old  macroscopic  method  still  used  in  many  laboratories  is 
accurate  and  is  not  objectionable  except  that  it  is  time-consuming. 
This  procedure,  described  in  various  texts  (Bolduan,  Kolmer,  etc.), 
consists  in  mixing  in  a  small  test-tube  a  definite  quantity  of  a  suspension 
of  washed  corpuscles  of  the  donor  with  three  times  the  amount  of  the 
patient's  serum  and  also  in  a  similar  manner  the  donor's  serum  with  the 
patient's  corpuscles.  These  tubes  of  cells  and  .serums  are  incubated 
for  two  hours,  being  examined  everj'  few  minutes  for  signs  of  iso-agglu- 
tinins  or  iso-hemolysis.  At  the  end  of  two  hours,  if  no  agglutination  or 
hemolysis  has  occurred,  the  transfusion  is  usually  done,  though  some 
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men  have  advocated  keeping  the  blood  over  night  in  an  ice-box  before 
concluding  that  there  is  no  incompatibility.  Even  a  slight  trace  of 
hemolysin  in  the  patient's  serum  for  the  donor's  corpuscles  is  objection- 
able. Hoivever,  it  is  a  fact  to  be  remembered,  that  hemolysis  does  not 
occur  unless  it  has  been  preceded  by  agglutination. 

A  modification  of  this  is  a  micromacroscopic  method,  using  capillaty 
tubes  and  small  quantities  of  blood.  This  procedure  is  said  to  be  more 
quickly  completed  than  the  preceding  one. 

The  microscopic  methods  can  be  carried  out  accurately  and  with 
great  saving  in  time.     Recently  Moss  has  published  a  description  of  the 


yii-  lU, — AppMTHlui:  MicroAcope.  "htntnng-dmp"  sKdn  utd  ntvpr^Iips.  wire  loop  nod  burner  (or  alcohol 
lamp),  mod  tubn  for  ttram  ud  airpusclC'fliiApeniioD. 

method  he  is  using.  This  necessitates  the  keeping  on  hand  serum  of 
(jroups  2  and  3.  Hanging-drop  preparations  are  made  by  mixing  a 
drop  of  suspension  of  the  cells  of  the  individual  of  the  unknown  group 
with  two  drops  of  serum  of  Group  2;  and  another  preparation  is  made, 
using  serum  of  Group  3.  Agglutination  with  both  serums  places  the 
unknown  in  Group  1.  If  the  Group  2  serum  agglutinates  the  corpuscles, 
the  unkn9wn  is  in  Group  3,  and  if  the  corpuscles  are  agglutinated  by 
(iroup  3  serum,  the  unknown  is  in  Group  2.  If  no  agglutination  occurs 
after  thirty  minutes,  the  unknon'n  is  in  Group  4.  The  serums  of  the 
known  groups  may  be  preserved  for  a  long  time  if  kept  sealed  and  sterile. 
The  method  described  by  Brem  more  than  a  year  ago  is  also  raicro- 
'17—31 
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scopic  and  very  similar  to  the  Moss  method,  but  it  has,  I  believe,  some 
advantages  over  the  latter  and  is  the  simplest  and  safest  one  that  we 
have.  These  two  methods  are  essentially  the  same  except  that  the 
corpuscle-suspensions  of  known  groups,  as  well  as  serums,  are  used 
in  the  Brem  technic.  The  technic  as  we  have  used  it  daily  for  more 
than  a  year  is  as  follows: 

It  is  necessary  to  have  at  hand  serum-  and  corpuscle- suspension  of 
either  Group  2  or  Group  3,  and,  if  possible,  of  both.  There  being  only 
a  few  individuals  in  Group  3,  we  always  use  this  group,  if  possible,  for 
testing  unknown  blood,  as  we  have  a  greater  chance  of  finding  that  the 
unknown  is  not  in  the  same  group. 

Serum  is  obtained  by  collecting  about  2  c.c.  of  blood  in  a  dry  sterile 
tube  by  vein-puncture  or  by  sticking  the  finger,  in  the  same  manner 


Fie-  1^- — ^lii-^rDphoUHrrnph  ihovine  iw  affglulin-  Fig.  1A?- — Micropbotojinph  tbovipgaggltiliiutioD 

that  we  would  collect  blood  for  a  Wassermann  test.  This  blood  is 
centrifugal! zed  after  separating  the  clot  to  obtain  clear  serum.  The 
corpuscle- suspension  is  prepared  by  putting  two  or  three  drops  of  blood 
in  1  c.c.  of  a  8  per  cent  sodium  citrate  solution.  These  cells  are  not 
washed,  but  are  used  in  their  own  oitrated  plasma.  The  slides  for  ex- 
amination are  prepared  by  placing  two  drops  of  known  serum  (preferably 
Group  3)  on  a  cover-slip  by  means  of  a  sterile  loop.  After  flaming  the 
loop  to  remove  the  remnant  of  serum  clinging  to  it,  one  loopful  of  the 
corpuscle-suspension  of  the  unknown  blood  is  added  to  the  serum.  The 
cover-slip  is  inverted  over  a  hollow-ground  slide,  and  the  hanging  drop 
is  ready  for  microscopic  examination.  Another  cover-slip  and  slide  is 
then  prepared,  taking  first  two  loopfuls  of  unknown  serum,  and  then  one 
loopful  of  known  corpuscle-suspension.  The  slides  are  now  examined 
with  a  microscope  with  a  low-power  objective  and  a  high-power  eye- 
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piece  for  agglutination  of  corpuscles  in  the  hanging  drop.  This  usually 
occurs  almost  at  once.  Tipping  the  shde  from  side  to  side  carefully  so 
as  thoroughly  to  mix  corpuscles  and  serum  sometimes  hastens  the 
end-result-  If  there  is  no  agglutination  on  either  slide,  the  unknown 
and  the  known  are  in  the  same  group.  This  will  seldom  be  the  case  if 
the  known  blood  we  are  using  is  Group  3.  If  there  is  agglutination  in 
both  hanging  drops,  then  our  unknown  is  in  the  reciprocal  group,  that  is. 
Group  2.  If  the  known  serum  agglutinates  the  unknown  corpuscles, 
hut  unknown  serum  contains  no  agglutinin,  then  tfae  unknown  is  in 
Group  1.  We  usually  prove  this  by  using  both  Group  i  and  Group  3 
serums  with  the  unknown  corpuscles,  as  agglutination  should  occur  with 
both.  No  agglutination  of  the  unknown  corpuscles,  but  instant  agglu- 
tination of  the  known  corpuscles,  by  the  unknown  serum,  indicates  that 
we  are  examining  blood  of  Group  4.  We  prove  this  by  testing  with 
corpuscles  of  both  Group  i  and  Group  3.  Agglutination  should  occur 
with  the  cells  of  both  of  these  groups.  By  the  Brem  method  the  group 
of  an  unknown  may  be  determined  in  fifteen  minutes  or  less,  including 
the  time  of  bleeding  the  person  and  centrifugal! zing  the  blood-serum. 
With  the  Moss  method  in  testing  Group  4  individuals  it  is  necessary  to 
wait  thirty  minutes  before  deciding  that  no  agglutination  has  occurred 
with  the  known  serums  and  the  unknown  cells.  On  the  other  hand, 
with  the  Brem  method  agglutination  occurs  almost  at  once  with  the 
known  cells  and  the  unknown  serum.  As  43  per  cent  of  persons  are  in 
this  group,  it  is  evident  that  the  latter  method  is  time-saving  when  many 
persons  are  being  grouped,  and  it  is  on  that  account  preferable.  There 
is  one  disadvantage  of  the  Brem  method  in  comparison  with  the  Moss 
method,  and  that  is  in  the  fact  that  the  suspension  of  red  blood-corpus- 
cles autolyzes  in  a  few  days.  It  is  advisable,  therefore,  to  have  available 
a  source  for  fresh  samples  of  blood  of  both  groups. 

Moss  onginally  studied  the  grouping  of  100  persona  in  series  of  20 
each,  and  determined  that  10  per  cent  were  in  Group  1,  40  per  cent  in 
Group  i,  7  per  cent  in  Group  3,  and  43  per  cent  in  Group  4.  During 
the  past  year  we  have  kept  a  record  of  the  group  of  943  persons,  of  whom 
318  were  professional  donors  and  6i5  were  patients.  Our  percentages 
for  the  four  groups  are  as  follows: 

Group  1 5.09  per  ceni 

Group  i *i.l!  per  cenX 

Group  3 8,80  per  cenI 

Grmip  i «,69  per  cent 
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Our  figures  for  Groups  S  and  4  are  practically  the  same  as  those  of 
Moss.  We  found  in  our  series  more  Group  S  than  Group  4  persons, 
which  was  not  Moss'  experience. 

It  is  thought  that  the  property  of  possessing  iso-agglutinins  that  can 
be  definitely  classified  is  inherited,  being  governed  by  Mendelian  laws. 
If  both  parents  are  in  the  same  group,  all  offspring  will  be  in  that  group. 
If  the  father  is  in  one  group  and  the  mother  is  in  another,  the  offspring 
may  be  in  either  group.  In  accordance  with  the  studies  of  Landsteiner, 
Group  4  may  be  explained  as  a  combination  of  Groups  2  and  3.  Wc 
have  seen  a  father  in  Group  9,  a  mother  tn  Group  3,  and  a  son  in  Group 
4.  It  is  an  interesting  speculation  as  to  whether  this  may  not  be  proof 
of  Landsteiner's  theory. 

The  question  is  often  asked  as  to  whether  an  individual  may  change 
his  group,  and  it  has  been  suggested  that  a  patient  should  be  retested 
after  transfusion  for  a  possible  change  in  group.  We  are  not  in  a 
position  to  state  deBnitely  that  a  person  does  not  change  his  group; 
however,  in  the  few  cases  of  possible  change  in  group  that  we  have 
studied  we  are  more  wilhng  to  admit  that  some  mistake  had  been  made 
in  our  Qrst  test  of  the  individual's  blood  than  to  assume  that  it  bad  ac- 
quired new  biologic  properties  as  the  result  of  transfusion.  We  have 
repeatedly  examined  the  blood  of  a  Group  1  mdividual,  who  has  no 
agglutinin  in  his  serum,  and  have  found,  after  many  transfusions  with 
blood  of  all  four  groups,  that  he  is  still  in  Group  1. 

The  point  is  often  raised  by  men  who  do  only  an  occasional  transfu- 
sion that  it  is  not  feasible  to  have  at  hand  the  necessary  blood  of  known 
groups,  and  to  go  through  the  test  as  I  have  described  it.  This  is  true. 
Howiever,  it  is  a  very  simple  matter  to  use  Brem's  method  to  determine 
whether  a  prospective  donor's  blood  is  suitable  for  the  recipient,  and  not 
really  know  to  which  group  either  individual  belongs.  The  technic  for 
such  a  test  would  be  as  follows: 

From  the  patient  collect  from  1  to  2  c.c.  of  blood  in  a  dry  sterile  test- 
tube,  and  allow  this  to  clot  and  the  serum  to  collect,  either  from  standing 
or  being  centrifugalized.  In  another  small  test-tube  containing  1  c.c. 
of  i  per  cent  sodium  citrate  make  a  suspension  of  corpuscles  with  two 
or  three  drops  of  the  patient's  blood.  In  like  manner  prepare  a  tube 
containing  the  donor's  serum,  and  another  of  the  donor's  corpuscle- 
suspension.  With  a  clean  wire  loop  mix  two  drops  of  the  patient's 
serum  with  one  drop  of  the  donor's  corpuscles  on  a  cover-slip,  and  then 
two  drops  of  the  donor's  serum  with  one  drop  of  the  patient's  corpuscles 
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on  another  cover-slip.  Make  hanging-drop  preparations  by  inverting 
over  hollow-ground  slides,  and  examine  with  the  microscope.  If,  after 
waiting  several  minutes,  there  is  no  agglutination  on  either  slide,  it  is 
evident  that  the  donor  and  the  patient  are  in  the  same  group,  and  the 
operation  may  be  performed.  If  the  donor's  serum  agglutinates  the 
patient's  corpuscles,  but  there  is  no  agglutination  of  the  donor's  cor- 
puscles by  the  patient's  serum,  the  transfusion  may  be  safely  done, 
knowing  that  the  donor  is  not  in  the  same  group  as  the  patient.  But, 
if  the  patient's  serum  shows  any  agglutinin  for  the  donor's  corpuscles, 
then  under  no  circumstances  should  that  donor  be  used,  but  another 
individual  should  be  selected  for  trial,  and  the  test  repeated.  Except 
in  actual  emergency  transfusions  complement-deviation  tests  for  syphilis 
should  be  made  on  the  blood  of  donors. 

In  conclusion,  I  would  repeat  that  in  our  experiences  in  a  large 
number  of  transfusions  in  the  past  year  we  have  found  the  Brem  method 
exceedingly  simple,  time-saving,  and  accurate  in  the  selection  of  donors; 
and  also  thst  the  principles  of  this  test  can  be  applied  by  any  one  testing 
the  recipient's  blood  directly  with  that  of  the  prospective  donor. 

It  should  always  be  remembered  that  the  essential  thing  in  the  selec- 
tion of  a  donor  is  to  be  certain  that  the  patient's  serum  will  not  aggluti- 
nate  the  donor's  corpuscles  (Figs.  156  and  157). 
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III.  THE  INFLUENCE  OF  BILE  DERIVATIVES  IN  BLOOR'S 
CHOLESTEROL  DETERMINATION* 

Preliminary  Report 

GEORGINE    LUDEN 


The  main  object  of  the  following  communication  was  to  determine 
whether  bile  derivatives  were  capable  of  giving  the  Liebermann  reaction 
in  the  absence  of  cholesterol,  and  whether  their  color  reaction  could  be 
destroyed  by  the  use  of  sodium  ethylate  under  conditions  similar  to 
those  in  Bloor's  cholesterol  determination. 

The  origin  of  the  "brownish  tint, "  well  known  to  a!l  who  have  made 
blood  cholesterol  determinations,  and  the  relative  merits  of  colorimetric 
and  gravimetric  methods  for  the  determination  of  cholesterol,  have  been 
repeatedly  discussed  (Bloor,  "■'*  Mueller,  Weston).  It  will  be  remem- 
liered  that  Bloor,  in  the  first  publication  of  his  new  method,^  specially 
mentions  the  addition  of  sodium  ethylate  to  the  ether-alcohol  extract  of 
the  blood  before  evaporation,  and  that  he  left  out  the  sodium  ethylate  in 
his  modification  of  this  method.'  For  brevity  I  shall  refer  to  Bloor's 
original  method  as  Bloor  I  and  to  its  modification  as  Bloor  II.  The 
comments  of  Mueller  on  the  Bloor  method  for  cholesterol  determination 
and  Bloor  and  Knudson's  reply^  to  these  comments  both  refer  to  the 
Bloor  II  method  only.  Mueller's  conclusions  were  that  the  values  ob- 
tained by  the  Bloor  method  were  increased  by  "other  ether-alcohol-  and 
chloroform-soluble  substances"  that  were  not  cholesterol;  that  oxy- 
cholesterol  might  be  among  these  substances;  but  that  our  knowledge 
of  oxy cholesterol  is  too  indefinite  to  warrant  positive  conclusions.  Bloor 
and  Knudson  claimed  to  show  by  a  new  procedure  that  there  were  either 
no  other  substances  in  the  blood  plasma,  or  that  they  behaved  like 
ordinary  cholesterol  when  treated  with  digitonin. 

In  connection  with  these  statements  a  number  of  observations  made 
by  the  writer  since  May,  1916,  on  a  series  of  748  parallel  determinations 
with  the  Bloor  I  and  II  methods,  may  be  of  interest.     The  series  com- 
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prises  374  different  blood  samples,  including  the  blood  of  patients  suffer- 
ing from  various  diseases,  the  writer's  blood  in  various  experiments  on 
nutrition,  and  the  blood  of  goats  used  in  an  experiment  that  has  already 
been  published  in  part."  It  does  not  include  the  400  blood  samples 
mentioned  in  the  latter  publication.  It  was  found  that  in  more  than 
100  specimens  giving  approximately  normal  cholesterol  values,  the 
difference  between  the  Bloor  I  and  II  tests  ranged  from  0.050  to  0.070 
mg.,  but  in  a  group  of  samples  secured  from  patients  suffering  from 
biliary  disturbances,  with  and  without  icterus,  it  increased  from  0.090 
to  0.280  mg.  The  highest  value  with  the  Bloor  II  test  was  found  in  the 
blood  of  a  highly  icteric  patient,  and  the  deduction  seemed  admissible 
that  it  might  be  due  to  the  presence  of  bile  derivatives  which  the  Bloor  I 
tests  had  eliminated  by  the  use  of  sodium  ethylate. 

Bile  acids  do  not  give  the  Liebermann-Burchard  reaction,*'^  but 
it  seemed  possible  that  a  combination  of  bile-pigments  and  bile  acids 
such  as  is  often  found  in  icteric  blood,  and  usually  in  gallstones,  might 
create  conditions  favorable  for  the  reaction.  The  residue  of  galbtones 
from  which  the  cholesterol  had  been  thoroughly  extracted  (eleven  suc- 
cessive extractions  with  boiling  alcohol  on  the  water-bath)  was  therefore 
selected  for  investigation.  This  residue  dissolved  readily  in  chloroform, 
with  the  exception  of  a  black,  dust-like  sediment.  The  latter  was 
collected  on  filter-paper,  dried  at  room  temperature,  and  used  as  the 
starting  point  for  the  experiments.  It  was  dissolved  in  i  per  cent 
ammonia  water  and  shaken  out  with  pure  chloroform  in  a  separetory 
funnel.  The  chloroform  was  tested  for  cholesterol  and  remained  color- 
less; however,  as  a  measure  of  precaution,  the  operation  was  repeated 
three  times.  The  third  amount  of  chloroform  having  been  drawn  off 
completely,  the  aqueous  alkaline  solution  of  the  black  sediment  was 
acidified  drop  by  drop  with  concentrated  hydrochloric  acid  and  again 
shaken  out  with  fresh  chloroform.  The  latter  assumed  a  deep  yellow 
tone,  and  on  addition  of  the  Liebermann  reagents  (i  e.c.  of  acetic 
anhydrid  and  0.1  c.c.  of  concentrated  sulphuric  acid  to  a  6  c.c.  portion 
of  the  chloroform  solution)  gave  a  vivid  green  reaction  such  as  is  found 
only  in  strong  cholesterol  solutions;  that  is,  1  mg.  to  I  c.c.  of  chloro- 
form. 

The  amount  of  black  sediment  dissolved  in  the  ammonia  water  had 
been  extremely  small, — only  as  much  as  could  be  held  on  the  point  of  a 
small  scalpel, — since  the  entire  yield  of  black  sediment  had  not  exceeded 
150  mg.  and  it  had  been  necessary  to  make  a  great  numi^er  of  experi- 
ments before  the  most  suitable  method  of  extraction  had  been  found. 
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An  equally  great  number  of  experiments,  in  which  sodium  and  potassium 
hydrosid  had  been  used  as  solvents,  had  resulted  in  failure,  showing  that 
the  relative  alkalinity  of  the  solvent  was  not  without  importance. 

The  color  reaction  obtained  with  the  yellow  chloroform  extract  of 
the  bile  derivatives  must  be  considered  a  true  Liebermann  reaction, 
since  it  was  produced  by  identical  proportions  of  the  same  reagents  used 
for  cholesterol  tests. 

The  absence  of  cholesterol  in  the  yellow  chloroform  extract  may  be 
deduced  from:  (a)  the  insolubility  of  the  black  sediment  in  chkiroform; 
(b)  its  solubility  in  ammonia  water;  (c)  the  repeated  extraction  of  the 
aqueous  alkaline  solution  with  pure  chloroform,  which  gave  no  Lieber 
mann  reaction  although  the  procedure  was  practically  identical  with  that 
of  Autenrieth;  and  (d)  the  method  by  which  the  yellow  chloroform 
extract  giving  the  Liebermann  reaction  had  been  obtained,  a  method 
similar  to  that  used  for  the  recovery  of  bilirubin,'*  urobilin,"  and  cholic 
acid."  It  had  therefore  been  demonstrated  that  a  positive  Liebermann 
reaction  may  be  obtained  from  a  mixture  of  bile  derivatives  in  chloro- 
form solution  in  the  definite  absence  of  cholesterol. 

Windaus"  states  that  Liebermann 's  cholesterol  reaction  is  charac- 
terized by  a  sequence  of  brilliant  colors,  vivid  pink,  blue,  and  dark  green. 
This  color  reaction  could  be  observed  in  al!  of  these  bile  derivative  solu- 
tions even  when  they  contained  as  little  as  0.020  mg.  in  6  c.c.  of  chloro- 
form, but  I  have  been  unable  to  find  any  trace  of  the  pink  or  the  blue 
stage  of  the  reaction  in  cholesterol  solutions  such  as  are  commonly  used 
for  blood  cholesterol  determinations  (0.4  mg.  in  6  c.c.  or  0.5  mg.  in 
5  c.c.  of  chloroform).  Since  only  the  green  stage  of  the  reaction  can  be 
seen  in  cholesterol  solutions  of  the  above  concentration,  it  was  decided 
to  ascertain  how  great  the  concentration  of  cholesterol  solutions  would 
have  to  be,  the  usual  proportions  of  the  reagents  being  maintained,  in 
order  to  show  the  color  sequence  described  by  Windaus.  It  was  found 
that  neither  the  pink  nor  the  blue  stage  could  be  observed  in  cholesterol 
solutions  exceeding  the  concentration  of  standard  tests  from  10  to  400 
times  (Table  1).  Nor  could  the  color  sequence  described  by  Windaus 
be  made  visible  by  using  one-half  or  one-quarter  of  the  amount  of  the 
reagents. 

For  brevity,  the  bile  derivative  solutions  used  in  my  experiments  will 
he  referred  to  as  "pigment  solutions"  and  the  uniform  solution  with 
which  the  following  tests  were  made  as  "Pigment  28  solution."  The 
latter  contained  0.2  mg.  of  bile  derivatives  in  every  6  c.c.  of  chloroform. 
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Table  1. — Color  Reactions  in  Cholesterol  Solutions* 

Test  1. — 6  c.c.  of  our  stock  solution,  namely,  6  mg.  of  cholesterol 
in  6  c.c.  of  chloroform;   usual  reagents  added. 

Reaction. — The  colorless  solution  becomes  dark  green  in  a  few  sec- 
onds; no  trace  of  the  pink  or  the  blue  stage. 

Tests. — lOmg. of  cholesterol  in  6  c.c. of  chloroform;  usual  reagents 
added. 

Reaction. — Identical  with  Test  1,  except  that  the  green  color  appears 
almost  black. 

Test  3. — 15  mg.  of  cholesterol  in  6  c.c.  of  chloroform;  usual  reagents 
added. 

Reaction. — The  blue  stage  appears  for  a  few  seconds  only  and  is 
blotted  out  by  the  density  of  the  green  stage.  The  solution  appears 
black;  its  green  tone  can  be  recognized  only  in  a  very  strong  light. 

Text  4-^200  mg.  of  cholesterol  dissolved  in  6  c.c.  of  chloroform; 
usual  reagents. 

Reaclion. — As  the  sulphuric  acid  is  added,  its  progress  toward  the 
bottom  of  the  test-tube  is  shown  by  a  streak  of  purple- violet,  but  the 
next  second  the  whole  of  the  solution  has  turned  black-green.  Its  green 
color  can  be  recognized  only  near  the  top  edge  by  shaking  the  test-tube. 

Apart  from  the  color  sequence  referred  to  above,  the  pigment  solu- 
tions showed  the  following  peculiarities,  which  distinguished  them  from 
pure  cholesterol  solutions :  (a)  Their  reaction  was  much  slower  than  that 
of  cholesterol;  (6)  the  green  stage  of  the  reaction  was  olive-green,  as 
compared  with  the  emerald-green  of  pure  cholesterol;  (c)  the  green  stage 
persisted  unchanged  from  three  to  four  times  as  long  as  the  cholesterol 
green  in  solutions  of  equal  strength;  and  {d)  colorimetric  determinations 
showed  that  the  color  value  of  the  green  stage  was  only  a  little  over  one- 
balf  of  the  cholesterol  green  in  solutions  of  equal  concentration,  although, 
owing  to  the  difference  in  tone,  it  appeared  to  be  greater  in  the  test-tube. 
In  reference  to  these  peculiarities  the  term  "bile-green  reaction"  in  the 
Liebermann  test  is  tentatively  suggested  for  the  color  reaction  of  these 
cholesterol-free  bile  derivatives. 

A  series  of  observations  and  systematic  tests  proved  that  the  usual 

•  The  sUn<Urd  cholesterol  solution  used  in  all  out  blood  cholesterol  determinatioos 
contains  0.4  mg.  of  choleslerol  in  6  c.c.  of  chloroform.  It  is  made  up  from  a  stock  solu- 
tion containing  VOO  mg.  of  cholesterol  (Merck)  in  200  c.c.  of  chloroform. 

Both  stanJurd  and  stock  solutions  are  sealed  nith  paraffin  and  kept  on  ice  when  Dot 
in  use.  in  order  to  prevent  any  evaporation  of  the  chloroform:  the  latter  would  increaue 
their  concentration,  tliereby  affecting  the  accuracy  of  the  tests. 

Standardized  graduated  pipets  are  used  in  all  our  tests  in  preference  to  graduated 
cy\aiidm,  since  the  latter  often  vary  slightly  and  ^ve  less  accurate  results  in  consequence. 
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cholesterol  standard  test  (0.4  mg.  of  cholesterol  in  6  c.c.  of  chloroform) 
reached  its  maximum  color  value  at  room  temperature  (20-88  C.)  in 
five  to  six  minutes,  and  maintained  it  for  approximately  thirty  minutes; 
that  the  test  lost  one-third  of  its  color  value  in  eighty  minutes  and  be- 
came colorless,  that  is,  pale  yellow,  in  six  to  seven  hours.  On  the  other 
hand,  pigment  solutions  of  identical  concentration  reached  their  maxi- 
mum color  value  in  one  hundred  and  ninety  minutes  and  remained 
unchanged  for  at  least  twenty-four  hours.  A  record  was  kept  of  the 
exact  time  at  which  the  reagents  were  added  to  the  tests  and  revealed 
the  length  of  the  duration  of  the  pink,  blue,  and  green  stages  of  the 
reaction  in  the  pigment  solutions  at  a  room  temperature  of  20-28  C. 
(Table  2).  In  every  instance  freshly  made  "ripe"  standard  tests  not 
more  than  twenty  minutes  old  were  used  for  comparison.  The  advan- 
tage of  making  cholesterol  determinations  at  room  temperature  rather 
than  at  a  temperature  of  35-37  C.  has  been  discussed."  Previous 
observations  on  the  rapid  reaction  found  in  many  pathologic  blood 
samples  have  been  fully  corroborated  by  subsequent  findings. 

Table  2. — Color  Reactions  in  Pigment  Solutions 
2  c.c.  of  acetic  anhydrid  and  0.1  c.c.  of  concentrated  sulphuric  acid 
added  to  each  6  c.c.  test.     Room  temperature,  20-21  C. 

Test  1. — 1.8  mg.  in  6  c.c.  of  chloroform.  Pigment  28  solution  un- 
diluted (three  tests). 

Reaction. — The  test  solution  turns  bright  reddish  pink  immediately. 
The  pink  color  lasts  for  twenty  minutes.  The  test-tube  is  plunged  in 
very  hot  water  for  a  few  seconds.  The  blue  stage  of  the  reaction  appears, 
hut  has  a  dirty  violet-blue  tone.  It  is  followed  in  three  to  four  minutes 
by  the  green  stage,  intense  olive-green,  which  seems  to  be  as  dark  as,  if 
not  darker  than,  cholesterol  green  of  equal  strength  in  the  test-tube. 

Color  Value.— 

After  30  minutes  equal  t«  O.SOO  mg.  cholesterol.     (Standard  cholesterol  test*  0.400  mg.) 
8  hours         ■■      •■  0.666    •" 
"     84     ■'  ■■      •'  0.686    ■■ 

"      *8      •■  •'       "  0.866    " 

"     78     "  faded  to  a  dirty  brown. 

Test  f.— 0.400  mg.  in  6  c.c.  of  chloroform  (five  tests). 

Reaction.—The  test  solution  turns  bright  vivid  pink  immediately. 
The  pink  color  lasts  for  five  to  seven  minutes.  Dirty  violet  tone  for 
three  to  four  minutes.     Olive-green. 

s  used  for  every  determinatioD,  and  for  eveiy 


c,  Google 


STUDIES  ON  CHOLESTEROL  491 

CtAor  Value  — 

After  20  minutea  equal  to  0.180  mR.  cholesterol.     (Standard  L-holesteml  test  0.400  rag.) 
I  hour  "      "  0.800    '■ 

3  hours         "      "  O.eoo    '■ 
■'     «*    ■■  ■'     '•  0.**i  ■' 

"     48     "         faded  to  a  dirly  brown.     (Standard  cholesterol  test  fades  to  dirty  yellow 

Test  3. — 0.120  mg.  in  6  c.c.  of  chloroform  (three  tests). 
flcarfitwi.— Vivid  pink  for  five  minutes.     Intermediate  stage  hard  to 
define.     Green  in  ten  minutes. 
Cf^or  Vcdue. — 

After  30  minuUts  equal  to  0.060  mg.  choleat^rol.     (Standard  cholesterol  test  0.400  mg.) 
3  hours         ■'      '■  0.058    " 
■■      84     '■  faded  to  dirty  yellow. 

TeH  4.— 0.080  mg.  in  6  c.c.  of  chloroform  (three  tests). 
Reaction. — Clear  pale  pink  for  three  minutes.     Intermediate  color 
cannot  be  recognized.     Clear  but  light  olive-green  in  six  to  eight  minutes. 
Color  Value. — 

Atlct  30  minutes  equul  to  0.050  itig.  cholesterol.     (Standard  cholesterol  lest  0.400  mg.) 
3  hours         "      '■  0.040    "' 
"      24     "  faded  to  pale  dirty  yellow. 

Tests. — 0.040 mg.  in  6  c.c.  of  chloroform  (three  tests).  (Standard 
cholesterol  test,  0.400  mg.) 

Reaction. — Clear  pale  pink;  then  pale  olive-green  which  lasts  for 
about  three  hours. 

Color  Value. — Cannot  be  determined  as  the  test  looks  gray  in  the 
colorimeter  when  compared  with  the  emerald-green  standard,  although 
its  color  is  clear  pale  green  in  the  test-tube. 

Test  6.— 0.080  mg.  in  6  c.c.  of  chloroform  (three  tests).  (Standard 
cholesterol  test,  0.400  mg.) 

ilcac/jon.— Faint  but  distinct  pink;  then  very  pale  olive-green  lasting 
about  one  hour. 

Color  Value. — Cannot  be  determined,  for  the  same  reasons  as  in  Test 
B.     The  green  color  is  also  clearly  visible  in  the  test-tube. 

In  order  to  study  the  effects  of  sodium  ethylate  on  the  cholesterol- 
free  bile  derivatives  under  conditions  parallel  to  those  found  in  the 
Bloor  method,  the  following  experiments  were  made: 

The  chloroform  of  a  portion  of  the  Pigment  28  solution  was  evapo- 
rated and  the  orange-colored  residue  extracted  with  ether-alcohol  in  the 
manner  described  by  Bloor  for  blood  samples.  One 'portion  of  the 
ether-alcohol  extract  was  treated  according  to  the  Bloor  I  method,  with 
sodium  ethylate,  and  theotheraccording  to  theBloorll  method,  without 
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sodium  ethylate.  Overheatinj;  was  carefully  avoided  during  evapora- 
tion. After  the  usual  extraction  of  the  residue  with  chloroform,  the 
Bloor  I  test  was  colorless  and  remained  colorless  when  the  usual  reagents 
were  added,  even  when  the  test  was  warmed.  The  Bloor  II  chloroform, 
on  the  contrary,  was  deep  yellow,  and  on  the  addition  of  the  reagents 
gave  the  brilliant  bile-green  reaction  already  described.  The  experiment 
was  repeated  four  times  and  gave  identical  results  in  every  instance. 
Parallel  tests  made  with  pure  cholesterol  solutions  treated  in  exactly  the 
same  way  gave  positive  Liebermann  reactions,  both  with  the  Bloor  I 
and  the  Bloor  II  methods.  A  slight  loss  of  color  value  occurred  in  the 
pigment  as  well  as  in  the  cholesterol  control  tests.  In  the  latter  it  was 
so  small  that  it  may  be  considered  merely  technical;  0.233  and  0.578 
mg.  of  cholesterol  were  recovered  when  0.240  and  0.600  mg.  had  been 
used  respectively.  In  the  former  the  loss  was  somewhat  greater,  hut  the 
factors  which  caused  it  cannot  be  considered  at  present.  The  experi- 
ments showed  conclusively,  however,  that  the  color  reaction  of  choles- 
terol-free bile  derivatives  can  be  destroyed  by  sodium  ethylate,  whereas 
that  of  true  cholesterol  is  not  similarly  affected.  It  should  be  added 
that  the  bile  derivatives  were  readily  soluble  in  ether,  alcohol,  chloro- 
form, and  petroleum  ether,"  but  that  a  precipitate  was  formed  when- 
ever sodium  ethylate  was  added  to  the  chloroform  solution,  whereas  in 
the  other  solvents  precipitation  was  barely  perceptible.  The  bile-green 
type  of  Liebermann  reaction  could  be  obtained  also  with  the  usual 
reagents  from  the  opaque  residue  left  in  the  beakers  used  for  the  Bloor  I 
tests  after  chloroform  extraction  by  dissolving  the  residue  in  acid  chloro- 
form. These  findings  seem  to  support  the  deduction  that  the  formation 
of  a  chloroform-insoluble  sodium  salt  of  bile  derivatives  may  account 
for  the  difference  observed  in  the  Bloor  I  and  Bloor  II  samples,  and  that 
the  potassium  salts  of  these  substances  may  be  more  readily  soluble  in 
chloroform,  especially  in  the  presence  of  water.  The  occurrence  of  the 
brownish  color  in  some  of  the  Autenrieth  tests  and  Mueller's*  observa- 
tions might  also  be  explained  thereby. 

Although  these  experiments  showed  that  the  color  reaction  of  bile 
derivatives  obtained  from  gallstones  can  be  destroyed  by  sodium  ethy- 
late, it  remained  to  be  proved  that  closely  allied  or  identical  bodies  were 

*  The  browoisb  color  does  not  appear  in  every  sample  treataj  by  the  Autenrieth 
^elhod.and  lam  unable  to  agree  witb  Muelter'a  statement  that  it  is  "invariably  preaent" 
in  Bloor  11  tests.  On  the  contrary.  one*third  of  our  determinations  gave  a  brilliant  giecn 
reaction  that  could  be  matched  easily  with  the  standard  solution.  Tests  made  by  the 
Bloor  I  method  always  gave  a  perfect  match. 
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responsible  for  the  high  values  found  in  icteric  blood  by  the  Bloor  II 
method.  The  isolation  of  the  bile  derivatives  in  icteric  blood  proved 
extremely  difficult,  probably  owing  to  the  relatively  small  quantities  in 
which  they  are  present.  Thirty  attempts  to  isolate  them  were  unsuccess- 
ful. It  is  possible  that  these  failures  may  be  explained  by  the  observa- 
tions of  Hoover  and  Blankenhom  on  "dissociated  jaundice"  and  that 
several  of  the  samples  used  in  my  experiments  contained  only  bile  acids. 
However,  there  may  be  other  reasons  connected  with  the  various  stages 
of  oxidation  described  by  LifschUtz,''"*  but  these  cannot  be  discussed 
at  present.* 

At  last  a  simple  method  was  found  by  which  the  bile  derivatives  of 
icteric  blood  could  be  isolated:  6  c.c.  of  icteric  blood  were  extracted  with 
ether-alcohol  according  to  the  Bloor  method.  The  extract  was  partly 
evaporated  at  room  temperature.  The  remaining  portion  of  the  solvent, 
in  which  cholesterol  crystals  could  be  observed  microscopically,  was 
poured  off.  A  black,  crust-like  ring  which  had  formed  where  the  liquid 
receded  during  evaporation  was  dissolved  in  2  per  cent  ammonia  water, 
and  the  aqueous  alkaline  solution  filtered,  acidified,  and  shaken  out 
with  chloroform.  The  chloroform  assumed  a  yellow  tone  and  gave  the 
bile-green  type  of  Liebermann  reaction.  The  bile  derivatives,  in  this 
specimen  of  icteric  blood  at  least,  must  therefore  have  been  closely  allied, 
if  not  identical  with,  the  cholesterol -free  bile  derivatives  obtained  from 
gallstones.  The  difference  between  the  Bloor  I  and  Bloor  II  tests  of 
this  sample  had  been  0.280  mg.  in  the  colorimetric  determination  for 
blood  cholesterol. 

A  test  devised  by  Lifschiitzf  for  the  differentiation  between  oxy- 
cholesterol  and  oxidized  cholic  acid  proved  of  great  value  in  establishing 
the  identity  of  the  bile  derivatives  in  question.  This  test  will  be  referred 
to  as  Lifschiitz'  "difTerential  test."  It  is  based  on  the  relative  solubility 
of  oxycholesterol  and  oxidized  cholic  acid  in  chloroform  and  glacial 
acetic  acid,  and  should  not  be  confounded  with  the  oxycholesterol  color 
reaction.  Lifschiitz  states  that  the  oxycholesterol  color  reaction  can  be 
obtained  alike  in  glacial  acetic  solutions  of  pure  cholesterol,  pure  cholic 
acid,  and  ordinary  bile  after  oxidation  with  benzoyl  peroxid  and  the 
subsequent  addition  of  eight  drops  of  concentrated  sulphuric  acid  and 
one  drop  of  ferric  perchlorid  (3  per  cent  solution  in  glacial  acetic  acid) 

*  Because  of  litschutz'  observations  on  the  decomposition  of  cholesterol  to  bile  adds. 
and  Schulie  and  Wintenttein's  studies  on  the  influence  of  the  light  on  cholesterol,  my  pig- 
ment solutioni  have  always  been  kept  in  the  dark. 

t  LifgdiUta,'  p.  346. 
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to  every  I  c.c.  portion  of  the  test.  If  an  equal  volume  of  chloroform  is 
added  to  the  glacial  acetic  solutions,  the  green  color  of  the  oxidized 
cholesterol  will  be  found  in  its'entirety  in  the  upper  layer,  the  bottom 
layer  being  practically  colorless  (pale  yellow  or  brownish),  whereas  if 
the  test  is  made  with  oxidized  cholic  acid  the  colors  will  be  reversed,  the 
upper  stratum  will  remain  colorless  after  separation,  and  the  bottom 
(chloroform)  layer  will  contain  all  the  green  color.  When  bile  is  used, 
both  layers  will  be  colored  in  direct  proportion  to  the  amount  of  either 
substance  present  in  each  layer;  the  quantity  can  then  be  determined 
only  spectroscopically,  by  means  of  the  characteristic  spectra.  In  the 
absence  of  spectroscopic  facilities,  however,  oxycholesterol  and  oxidized 
cholic  acid  can  be  differentiated  accurately  by  means  of  the  differential 
test  when  only  one  substance  is  present  in  the  solution.  Lifschiltz  adds 
that  the  proportions  he  recommends  must  be  strictly  observed  in  order 
to  obtain  the  above  results.  These  proportions  have  therefore  been 
used  in  the  following  experiments. 

The  chloroform  component  of — (a)  A  cholesterol  solution;  (b)  a 
portion  of  the  Pigment  S8  solution,  and  (c)  a  solution  containing  the 
cholesterol-free  bile  derivatives  of  icteric  blood,  was  removed  by  evapo- 
ration and  the  residues  were  dissolved  in  glacial  acetic  acid.  The  glacial 
acetic  solutions  were  treated  in  the  manner  described  by  Lifschtitz  and 
the  differential  test  was  made  by  adding  an  equal  volume  of  chloroform. 
After  separation  had  taken  place  the  green  color  of  the  oxidized 
cholesterol  was  found  in  the  upper  layer,  while  the  bottom  layer  bad 
a  faint  pinkish  brown  tinge.  In  the  two  tests  made  with  the  bile 
derivatives,  on  the  contrary,  the  upper  layers  were  colorless  and  the 
green  color  could  be  seen  in  its  entirety  in  the  lower  (chloroform)  layers. 
Whether  the  differential  test  was  made  at  the  red,  the  blue,  the  green, 
or  the  terminal  dirty  brown  stage  of  the  reaction,  the  color  component 
of  the  oxidized  cholesterol  was  found  in  the  upper  stratum,  whereas  that 
of  the  bile  derivatives  invariably  settled  in  the  bottom  layer.  Moreover, 
the  green  stage  of  the  bile  derivatives  remained  unchanged  for  days, 
while  the  oxycholesterol  green  changed  to  dirty  brown  in  about  twelve 
hours.  The  latter  peculiarity  alone,  which  is  in  accordance  with  the 
color  persistency  of  the  bile-green  reaction  in  my  pigment  solutions, 
might  sufEce  to  distinguish  the  bile  derivatives  from  oxycholesterol,  and 
recalls  Lifschiltz'  statement  concerning  the  color  reaction  of  oxidized 
cholic  acid,  that  colors  like  spectra  remain  for  weeks.  Although  these 
tests  showed  that  the  bile  derivatives  contained  no  oxycholesterol,  but 
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substances  that  were  closely  allied  to  cholic  acid,  a  slight  difTerence 
could  be  observed  between  the  derivatives  from  gallstones  and  those 
from  icteric  blood.  The  latter  needed  the  complete  oxidation  required 
by  cholic  acid,  while  the  former  gave  the  Lifschiitz  reaction  after  oxida- 
tion with  benzoyl  peroxid  alone,  without  the  addition  of  sulphuric  acid 
and  ferric  perchlorid.  It  will  be  remembered  that  the  color  sequence 
of  the  Lifschtitz  reaction  is  the  reverse  of  that  seen  in  bile-pigments  under 
the  influence  of  oxidizing  agents.*  The  gallstone  derivatives  must  there- 
fore have  been  partially  oxidized.  It  is  hard  to  understand  where  this 
partial  oxidation  could  have  occurred,  as  no  oxidizing  agents  except  the 
atmospheric  oxygen  during  extraction  of  the  cholesterol  had  been  used 
until  Lifschtitz'  differential  test  was  made.  The  following  explanation 
is  tentatively  suggested:  As  bilirubin,  a  hemoglobin  derivative  (Ma- 
thews), could  be  demonstrated  in  the  mixture  by  Hammarsten's  test, 
and  as  LifschQtz"  was  able  to  prove  the  strongly  oxidizing  properties  of 
hemoglobin,  it  seems  possible  that  some  of  the  bile-pigments  present  in 
the  mixture  may  have  played  a  part  in  the  partial  oxidation  of  the  cholic 
acid  which  it  contained.  The  bile  derivati\'es  from  icteric  blood  ex- 
hibited the  following  peculiarity:  Although  the  upper  layer  remained 
colorless  in  Lifschtitz'  differential  test,  the  colored  bottom  layer  was 
composed  of  two  strata,  the  lower  and  narrower  being  dark  green,  the 
other  bright  yellow  with  a  green  tinge.  This  showed  that  the  bile 
derivatives  did  not  contain  oxidized  cholic  acid  alone,  but  another 
closely  allied  substance  as  well.  The  latter  may  have  been  the  "rhizo- 
eholic  acid"  mentioned  by  Mathewsf  or  the  "resin  acid"  described  by 
Minovici  and  Zenovici, 

Further  investigations  concerning  the  solubility  of  the  bile  salts, 
spectroscopic  determinations,  and  tests  with  Rosenheim's  new  reaction 
for  oxycholesterol  wilt  be  reported  when  completed. 


Summary 
1.  In  748  parallel  blood  cholesterol  determinations  by  Bloor's 
original  method  with  sodium  ethylate  (Bloor  I)  and  its  modification 
without  sodium  ethylate  (Bloor  II},  a  constant  difference  was  observed 
in  the  cholesterol  values  obtained,  lower  values  being  registered  by  the 
Bloor  I  method. 

i.  In  normal  blood  a  constant  slight  difference  f0.050  to  0.070  mg.) 
•VoD  Reinbold,"  p.  *78.  +  Mathews,"  p.  430. 
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occurs  between  the  values  obtained  by  the  Bloor  I  and  Bloor  II  methods; 
in  icteric  blood  differences  of  0.090  to  0.280  mg.  occur. 

3.  Since  the  Liehermann  reaction  could  be  obtained  with  a  mixture 
of  cholesterol-free  gallstone  derivatives,  the  difference  appears  to  be 
due  to  a  combination  of  hile-pigments  and  bile  acids  present  in  the  blood. 

4.  The  Liehermann  reaction  of  cholesterol-free  gallstone  derivatives 
differs  from  that  of  cholesterol  inasmuch  as  the  pink  stage  of  the  reaction 
is  distinctly  visible  in  weak  solutions  of  the  former,  although  it  cannot 
be  seen  in  cholesterol  solutions  of  equal  or  up  to  4O0  times  greater 
concentration. 

5.  The  type  of  Liebermann  reaction  given  by  gallstone  derivali\T5 
can  be'  obtained  from  the  cholesterol -free  residue  of  icteric  blood. 

6.  This  color  reaction  is  destroyed  by  the  use  of  sodium  ethylatr 
under  conditions  parallel  to  those  found  in  the  Bloor  I  method.  Tbr 
color  reaction  of  cholesterol  is  not  affected  by  the  use  of  sodium  ethylale. 

7.  That  the  Liehermann  reaction  of  cholesterol-free  bile  deri^■ati^■es 
is  due,  not  to  oxycholesterol,  but  to  cholic  acid  and  allied  substances  in 
the  presence  of  bile-pigments,  could  be  proved  by  LifschUtz'  differential 
test. 

8.  Cholesterol-free  gallstoae  derivatives  require  less  vigorous  oxida- 
tion than  bile  derivatives  from  icteric  blood  in  order  to  give  Lifscbiiti 
differential  test. 

9.  The  oxidizing  properties  of  hemoglobin  having  been  demoo- 
strated  by  Lifschiitz,  and  bilirubin,  a  hemoglobin  derivative,  bein^ 
demonstrable  in  the  gallstone  derivatives,  it  is  tentatively  suggested 
that  the  bile-pigments  contained  in  the  latter  may  have  caused  their 
partial  oxidation. 

10.  The  experiments  suggest  that  parallel  determinations  vith 
Bloor's  original  method  and  its  modification  may  furnish  valuabk 
information  concerning  the  chemical  constituents  of  the  blood  in  case? 
of  biliary  disturbance  with  and  without  icterus,  which  might  be  suppk- 
mented  by  the  dialyzation  method  of  Hoover  and  Blankenhom, 
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Note. — Owing  to  lack  of  space.  Study  IV.  experiments  concerning  the  relation  of  the 
diet,  the  blood  cholesterol,  and  the  "lymphoid  defense,"  which  appeared  in  the  Jour. 
Lab.  and  Clin.  Med.,  I»I7,  iii,  141-174,  will  not  be  published  in  this  volume. 
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V.  THE    BLOOD  CHOLESTEROL   IN  MALIGNANT  DISEASE 

AND  THE  EFFECT  OF  RADIUM  TREATMENT 

ON  THE  BLOOD  CHOLESTEROL* 

GEORGINE    LUDEN 


Between  November,  1915,  and  December.  1917,  a  total  of  1,069 
samples  were  tested  for  cholesterol.  The  above  figure  includes  1,052 
determinations  on  blood  cholesterol  (human,  goat,  gopher,  and  dog), 
14  determinations  on  foodstuffs  and  3  on  human  pus.  Of  713  blood 
samples  parallel  determinations  in  triplicate  were  made  according  to 
Bloor's  original  method  (Bloor  1  with  sod ium-ethy late)  and  it^  modifica- 
tion (Bloor  II,  with  sodium-ethylate),  making  a  total  of  4,458  determina- 
tions with  Bloor's  tests.  The  advantage  of  these  parallel  determinations 
by  which  the  amount  of  cholesterol  split-products  present  in  the  blood 
is  revealed,  was  shown  by  2,196  tests  made  on  pathologic  human  blood, 
including  blood  in  70  miscellaneous  conditions,  41  cases  of  pernicious 
anemia,  37  of  exophthalmic  goiter,  3  of  myxedema  tes^  18  times  at 
various  intervals  during  the  administration  of  the  thyroid  hormone 
(Kendall's  thyroxin),  79  determinations  on  the  writer's  own  blood  as 
normal  control,  9  cases  of  sarcoma  (16  determinations),  and  92  deter- 
minations of  the  blood  cholesterol  in  cases  of  carcinoma  before  and  after 
radium  treatment,  including  30  weekly  determinations  on  one  patient. 

The  blood  cholesterol  values  in  carcinoma  were  found  to  be  high  in 
43  per  cent  of  72  patients  and  in  56  per  cent  of  55  patients  that  were  to 
have  radium  treatment.  In  the  latter,  54  per  cent  showed  equal  values 
with  the  Bloor  I  and  Bloor  II  tests,  which  indicated  some  disturbance 
of  cholesterol  metabolism  in  carcinoma,  since  a  difference  between  the 
values  obtained  by  the  two  methods  is  always  found  normally,  and  no 
equal  values  were  found  in  252  determinations  on  non-malignant  cases. 
After  radium  treatment  the  equal  values  were  found  to  disappear,  and 
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the  percentage  of  high  values  dropped  to  18  in  17  patients.  In  sarcoma 
the  blood  cholesterol  values  were  found  to  be  very  much  lower  than  in 
carcinoma,  equal  values  were  observed  in  two  cases  and  the  effect  of 
radium  was  similar  to  that  observed  in  carcinoma. 

In  myxedema  high  cholesterol  values  (but  not  equal  values)  were 
found  and  the  administration  of  the  thyroid  hormone  brought  the  blood 
cholesterol  back  to  normal  at  a  rate  parallel  to  the  rise  in  basat  metab- 
olism which  it  induced. 

These  observations  seem  to  warrant  the  following  conclusions: 

1.  That  the  high  blood  cholesterol  values  found  in  carcinoma  are  not 
due  to  cell  destruction,  since  they  are  lowered  by  radium  treatment 
although  radium  causes  cell  destruction,  but  that  they  are  due  to  a  dis- 
turbance of  cholesterol  metabolism. 

3.  That  the  disturbance  of  cholesterol  metabolism  may  be  but 
evidence  of  a  low  rate  of  basal  metabolism,  since  the  high  cholesterol 
values  in  myxedema  are  reduced  by  the  administration  of  the  thyroid 
hormone  by  which  the  rate  of  basal  metabolism  is  greatly  increased. 

3.  That  radium  treatment,  by  lowering  the  blood  cholesterol  values, 
alters  the  chemical  composition  of  the  blood,  a  fact  which  has  not 
hitherto  been  taken  into  account  in  the  study  of  the  effects  of  radium 
treatment. 

4.  That  the  administration  of  the  thyroid  hormone  affects  the  blood 
cholesterol  values  in  a  manner  similar  to  that  of  radium  treatment  and 
may  therefore  be  expected  to  be  equally  beneficial  to  patients  suffering 
from  carcinoma.  However,  careful  investigation  will  be  needed  before 
definite  conclusions  can  be  drawn  concerning  the  effect  of  thyroxin  in 
careinoma. 
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HEMOLYTIC  JAUNDICE:  A  REVIEW  OF  SEVEN- 
TEEN CASES* 

H.   Z.    GIFFIN 

From  June  30,  1911,  to  September  13,  1916,  17  patients  with  hemo- 
lytic jaundice  were  under  obser\'ation.  The  disease  is  of  comparatively 
rare  occurrence  and  may  he  easily  mistaken  for  other  conditions.  Twelve 
of  the  patients  were  splenectomized;  five  were  medical.  Ten  were  men 
and  seven  were  women,  and  their  occupations  were  exceedingly  varied. 
The  youngest  patients  were  nine,  thirteen,  and  nineteen  years  of  age, 
respectively,  and  the  oldest  forty-nine  years.  Between  the  ages  of 
twenty  and  thirty  there  were  eight  patients,  and  between  thirty  and 
forty  there  were  five,  the  largest  number  presenting  themselves  between 
the  ages  of  twenty  and  thirty  years.  Leukemia,  pernicious  anemia, 
and  hemophilia  were  noticeably  absent  in  the  family  histories. 

Jaundice. — Seven  of  the  17  patients  had  been  jaundiced  from  infancy. 
Four  others  had  been  jaundiced  since  childhood,  and  4  had  an  onset 
between  the  ages  of  eighteen  and  twenty-two  years.  It  is  quite  probable 
that  in  at  least  10  of  the  entire  series  the  disease  should  be  classified  as 
congenital  in  type.  There  is  also  evidence  that  in  some  of  the  patients 
who  had  had  an  onset  between  the  ages  of  eighteen  and  twenty-two 
years  the  condition  should  be  regarded  as  congenital.  In  clinical 
characteristics  and  severity,  the  symptoms  corresponded,  to  the  con- 
genital type.  Moreover,  an  increased  fragility  of  the  eiythrocytcs  in 
close  relatives  of  patients  of  this  age  was  demonstrated  in  two  instances. 
Three  cases  were  definitely  familial;  6  others  gave  very  suggestive 
histories  of  familial  jaundice.  One  patient  had  a  history  of  the  onset  of 
jaundice  at  the  age  of  thirty-two,  and  another  as  late  as  forty-six  years 
of  age.  These  were  severe  cases  of  the  acquired  type.  The  jaundice 
in  all  the  cases  of  this  series  was  acholuric  and  seems  never  to  have 
completely  disappeared.  It  was  remittent  rather  than  intermittent. 
A  tinge  of  yellow  was  said  to  remain  after  crises  and  to  be  present  at  all 
•  Reprinted  from  Surfj..  Gyneo.  fli«i  Obst,.  191T,  xxv,  15«-161. 
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times.  Several  of  our  patients  have  stated  that  their  jaundice  was  in- 
creased by  excitement  and  nervousness.  In  all  the  !2  operative  cases  the 
jaundice  was  cnarked.  In  one  patient  with  complications  a  trace  of  bile 
was  at  times  present  in  the  urine.  Undoubtedly  very  mild  cases  occur 
in  which  the  jaundice  may  be  easily  overlooked.  The  jaundice  may 
also  be  of  veiy  mild  grade  early  in  the  history  of  a  given  case.  Pruritus 
was  noted  in  only  one  patient  in  spite  of  the  frequent  complication  of 
cholelithiasis. 

SpUnomegaly. — In  12  of  the  17  patients  the  spleen  had  been  palpated 
previous  to  our  examination.  In  one  patient  it  had  been  easily  palpable 
since  infancy,  and  in  another  since  the  age  of  seven  years.  Others  had 
been  recognized  as  long  as  ten  and  fifteen  years  previous  to  the  examina- 
tion. AH  were  easily  palpable  at  the  time  of  examination.  Mild  cases 
of  hemolytic  jaundice  occur  without  an  appreciable  enlargement  of  the 
spleen.  I  have  observed  two  patients  with  histories  very  suggestive  of 
a  mild  grade  of  the  disease,  and  spleens  merely  palpable,  in  whom  there 
was  an  increased  fragility  of  the  erythrocytes  in  the  peripheral  circula- 
tion. On  the  other  hand,  the  spleen  in  definite  cases  may  be  very  large, 
though  it  is  never  as  enormous  as  the  spleen  of  leukemia  or  splenic  anemia. 
In  our  12  operative  cases  it  varied  from  300  grams  to  1780  grams,  giving 
an  average  of  1070  grams,  fi^«  or  six  times  the  normal  size.  In  all  of 
the  non-operative  cases  the  spleen  was  appreciably  enlarged. 

Enlargemgnt  of  the  liver. — Two  of  the  5  non-operative  cases  presented 
evidence  of  enlargement  of  the  liver.  In  1  of  these  it  was  marked. 
Eight  of  the  12  operative  cases  showed  enlargement  of  the  liver  at 
operation,  and  in  2  of  these  a  surgical  diagnosis  of  cirrhosis  of  the  liver 
was  made.  The  cirrhoses  were  of  the  granular  rather  than  the  lobulated 
type  and  of  slight  degree.  The  livers  were  not  contracted.  One  patient 
only — an  operative  case — showed  evidence  of  abdominal  fluid;  the 
amount  of  fluid  was  small.  The  liver  was  much  congested,  but  a  posi- 
tive diagnosis  of  cirrhosis  could  not  be  made.  Two  patients  with  a 
severe  acquired  type  of  the  disease  presented  upon  exploration  very 
large  livers.  Two  patients  with  a  congenital  type  of  the  disease  and 
very  large  spleens,  1250  grams  and  1780  grams  respectively,  had  livers 
which  were  apparently  normal. 

Crises. — Sixteen  of  the  17  patients  gave  a  history  of  attacks,  some 
very  mild  in  character,  of  abdominal  distress,  nausea,  fever,  vomiting, 
and  headache,  and  when  gallstones  were  present,  of  seizures  of  severe 
pain.     Usually  these  crises  were  mild  during  childhood  and  more  severe 
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in  later  life.  In  cases  of  short  duration  they  were  milder  than  in  cases 
of  long  duration.  The  patient  who  gave  a  history  of  no  crises  did, 
however,  complain  of  attacks  of  extreme  weakness.  The  most  im[>ortant 
evidence  that  can  be  obtained  from  the  history  in  arriving  at  a  differen- 
tial diagnosis  of  hemolytic  jaundice  is  recurrences  of  deepening  jaun- 
dice with  crises. 

The  blood-picture. — In  these  patients  histories  of  severe  recurrent 
anemia  were  not  obtained.  In  2  instances  only  was  the  anemia  severe. 
In  a  majority  of  the  cases  it  was  of  moderate  degree  and  chronic  type. 
The  hemoglobin  in  the  12  cases  varied  from  24  per  cent  to  86  per  cent, 
and  averaged  59  per  cent.  In  the  entire  group  of  17  cases  the  lowest 
erythrocyte  count  was  1,840,000.  In  2  patients  the  counts  were  between 
1,000,000  and  2,000,000,  in  one  between  2,000.000  and  3,000,000,  and  in 
7  between  3,000,000  and  4,000,000.  The  color  index  was,  as  a  rule,  high. 
In  2  instances  it  was  more  than  1.0;  in  5  it  was  0.9-I-,  and  in  0  it  was 
0.8-I-.  The  uniformly  high  color  index  is  quite  definitely  indicative 
of  the  myelotoxic  factor  in  the  disease.  Normoblasts  were  present  in  3 
patients  and  megaloblasts  in  1.  Nine  patients  showed  slight  or  moder- 
ate deformity  and  degeneration  of  the  erythrocytes.  Leukocyte  counts 
revealed  an  absence  of  leukopenia  and  a  tendency  to  slight  leukocytosis. 
The  leukocyte  count  just  prior  to  operation  varied  from  6400  to  19,400 
and  averaged  10,950.  Differential  counts  were  not  distinctly  abnormal; 
there  was  an  absence  of  lymphocytosis.  After  splenectomy  there  was, 
as  a  rule,  a  very  prompt  increase  in  the  hemoglobin  estimation  and  the 
red-cell  count.  Post-operative  leukocytosis  was  noted,  but  it  was  not 
a  constant  finding.  In  a  majority  of  the  cases  after  ^lenectomy  there 
was  an  increase  in  the  relative  percentage  of  small  lymphocytes  and  a 
decrease  in  polymorphonuclears.  The  reverse  has  been  noted  in  our 
cases  of  pernicious  anemia  after  splenectomy;  that  is,  the  blood  has 
shown  an  increase  of  polymorphonuclears. 

The  condition  of  the  blood  was  reported  as  normal  in  9  of  10  living 
patients  from  two  months  to  five  and  one-half  years  after  operation. 
However^  in  only  a  few  of  these  patients  has  it  been  possible  to  obtain 
complete  blood  counts.  In  the  tenth  patient  the  hemoglobin  reached 
80  per  cent  and  the  erythrocytes  3,770,000,  fourteen  months  after 
operation,  but  a  relapse  occurred  two  years  after  operation,  at  which 
time  the  hemoglobin  was  36  per  cent,  and  the  erythrocytes  2,120,000. 
Improvement  followed  this  relapse,  and  the  blood  is  much  improved 
two  and  one-half  years  after  operation  (Table  1). 
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The  Rilnerre  or  Jragility  test. — The  fragility  of  the  red  cells  in  the 
peripheral  circulation  to  hypotonic  salt  solution  was  tested  before 
splenectomy  in  all  but  3  patients,  and  in  i  of  these  3  the  clinical  charac- 
teristics were  so  clear  that  there  can  be  practically  no  doubt  of  the 
existence  of  hemolytic  jaundice.  The  third  patient  showed  an  increased 
fragility  when  first  tested  twenty  months  after  operation.  In  the  15 
patients  tested,  hemolysis  was  complete  at  from  0.4  per  cent  to  0.48 
per  cent  sodium  chlorid,  with  the  controls  usually  at  from  0.32  to  0.36 
per  cent.     Results  in  the  individual  cases  will  be  seen  in  Table  i. 

TABLE  «.— FR,4G1LITY  TESTS  IN  HEMOLYTIC  JAliNDICE 
Non-operauve  and  Pre-oferative  Cabis 


PncENUoi  or  Sodidu  Cbuhud  i 

Wbjcm  Huolkhb  w*.  Coimxi. 

CuiNo. 

Pilient 

Cantml 

!  (  86818) 

0.467 

0.485 

4  (135948) 

0.4 

0.34 

S  (141288) 

0.4 

0.34 

6  (148074) 

OAt 

0.38 

8  (193845) 

0.489 

0.389 

9  (148809) 

0.4 

0.36 

10  (16IS38) 

0.44 

0.38 

11  (188870) 

0.4 

0.38 

18  (  94675) 

0.44 

0.38 

13  (  91898) 

0.4 

0.316 

14  (193653) 

0.48 

0.36 

15  (157S8S) 

0.48 

0.36 

16  (169405) 

0.48 

0.38 

17  (178887) 

0.48 

0.36 

There  was  no  decided  or  constant  decrease  of  fragility  in  the  cases 
after  splenectomy.  Eight  patients  were  tested  at  periods  varying  from 
fifteen  days  to  one  year  and  nine  months  following  operation.  Only 
two  of  these  showed  a  normal  resistance;  in  one  it  was  merely  temporary. 
In  none  was  there  an  increase  of  resistance.  Table  3  shows  rep- 
resentative readings. 

The  finding  of  an  increased  fragility  of  the  red  cells  in  members  of  the 
patient's  family  is  significant.  In  one  instance  the  patient's  brother, 
who  also  had  had  very  mild  attacks  of  jaundice,  showed  a  definite  in- 
crease of  fragility.  In  another  instance  the  patient's  mother,  who  never 
had  had  symptoms  which  were  in  the  least  suggestive  of  hemolytic 
jaundice,  showed  complete  hemolysis  in  0.4  per  cent  sodium  chlorid. 
The  age  of  both  of  these  patients  at  the  onset  of  symptoms  was  eighteen 
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years,  suggesting  that  there  is  probably  a  congenital  factor  in  some  ol 
the  patients  who  have  not  had  symptoms  during  childhood.  Therefore, 
testing  members  of  families,  though  there  is  no  famihal  history  of  jaun- 
dice, becomes  of  the  utmost  importance. 

TARLE  a 


Pmcintao.  ,»  Son, 

H  Chlohd  in  Wbick 

HlWUL»»  » 

r*»«  No. 

TmK  Amn  OrxunoH 

p.ii™t 

Control 

3  (118838) 

0.4 

..« 

1  year,  8  moDtlu 

0.48 

0.36 

1  year,  9  months 

5  (1««C8) 

0.46 

0.36 

18  days 

6  (US074) 

0.48 

0,38 

15  <Jays 

S  (153245) 

0.4«0 

0.340 

1  roonth 

9  (148209) 

0.36 

0.36 

esdays 

0.40 

0.36 

4  moDth; 

10  (161538) 

0.40 

0.34 

Hdays 

n  (168670) 

0.4a 

0.32 

88  days 

0.4 

0.36 

8  months 

18  (  94«75) 

0.38 

0.38 

1  month 

Urine. — UrobiUn  and  urobilinogen  were  both  present  in  the  five 
cases  in  which  the  urine  was  tested  for  these  substances.  Bile  was  ab- 
sent in  all  cases  save  one,  in  spite  of  the  frequency  of  cholelithiasis  as  a 
complication.  The  diagnosis  of  hemolytic  jaundice  may  be  at  times 
confused  by  the  presence  of  bile  in  the  urine  when  an  obstructive  jaun- 
dice has  been  superimposed  upon  an  acholuric  jaundice. 

Hentorrhage. — Hematemesis  and  melena  occurred  in  one  instance. 
Epistaxis  occurred  in  4  of  the  17  patients,  but  was  never  severe.  The 
coagulation  time  (Bogg's  coagulometer)  was  not  increased  in  these 
patients  with  hemorrhage. 

Wassermann  tests. — The  Wassermann  tests  were  negative  in  11  of  IS 
patients  tested.  One  patient  {Case  15)  was  said  to  have  had  positive 
Wassermann  tests  twelve  months  and  five  months  previous  to  examina- 
tion, and  a  Wassermann  test  was  positive  at  the  time  of  examination. 
There  was  also  a  history  of  probable  infection.  This  case  was  non- 
operative.  One  brother  of  the  patient  had  a  history  suggestive  of  hemo- 
lytic jaundice.  In  another  patient  (Case  6)  two  Wassermann  tests  were 
positive  before  operation  and  one  was  negative  after  operation.  A  verj" 
careful  search  of  the  history  and  findings  failed  to  reveal  any  evidence  of 
infection.     There  was  no  evidence  of  syphilis  in  the  spleen  removed  at 
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operation.  It  is  conceivable  that  syphilis  might  produce  a  condition 
simulating  hemolytic  jaundice,  though  I  have  been  unable  to  find  record 
of  cases  in  which  the  characteristics  were  identical.  Case  15,  however, 
may  be  an  example  of  this  occurrence. 

Blood- j/resaitre. — A  noticeably  low  blood-pressure  was  present  in  all 
of  the  cases  except  one,  the  systolic  frequently  reading  below  115.  The 
diastolic  blood-pressures  were  consistently  low,  averaging  78  in  16  cases. 
This  hypotension  occurred  irrespective  of  the  degree  or  absence  of 
anemia. 

Loaa  oficeight. — In  general,  very  little  loss  of  weight  was  noted.  One 
patient  with  a  severe  form  of  the  acquired  type  of  the  disease,  however, 
had  lost  48  pounds. 

Gallbladder  disease. — Three  of  the  12  splenectomized  patients  in  this 
series  bad  been  operated  on  formerly  for  gallbladder  disease,  probably 
with  the  expectation  of  curing  the  condition.  The  incidence  of  gall- 
stones in  the  severe  types  of  hemolytic  jaundice  is  high,  however.  Seven 
of  our  18  operative  cases  (58  per  cent)  showed  gallstones  for  which  a 
later  operation  was  usually  done.  Removal  of  the  galbtones  in  a  case 
of  hemolytic  jaundice  does  not  cure  the  condition,  but,  on  the  other 
hand,  a  patient  after  splenectomy  may  improve  remarkably  although 
retaining  his  gallstones.  The  formation  of  gallstones  is  doubtless  an 
important  incident  in  the  course  of  hemolytic  jaundice.  The  attacks 
of  acholuric  crisis  become  more  severe  over  a  period  of  years  and  pain 
is  added  to  the  early  syndrome  of  deepening  jaundice,  abdominal  dis- 
tress, fever,  malaise,  and  headache  until  the  pain  becomes  the  prominent 
symptom  and  the  attacks  are  quite  typical  of  cholelithiasis. 

The  values  for  hemoglobin-derived  ■pigments  in  the  duodenal  content 
(Schneider  teat). — The  values  for  urobilin  and  urobilinogen  in  the  duod- 
enal contents  are  doubtless  an  index  of  the  blood  destruction  present 
at  a  given  time.  There  is  probably  a  marked  variation  in  these  values 
according  to  fluctuations  in  the  course  of  the  disease.  They  are,  how- 
ever, quite  constantly  high.  Twelve  duodenal  tests  were  done  on  six 
of  these  patients.  The  average  in  patients  before  splenectomy  was 
2050  units  for  urobilin  and  1100  units  for  urobilinogen.  It  is  probable 
that  in  a  larger  series  the  values  would  average  higher,  for  there  is 
clinical  evidence  of  active  blood  destruction.  In  two  patients  with  very 
high  values  the  blood-picture  simulated  that  of  pernicious  anemia,  a 
■  greater  degree  of  blood  destruction  evidently  having  exhausted  the 
bone-marrow.   The  same  four  patients,  tested  after  operation  at  periods 
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varying  from  thirteen  days  to  four  months,  showed  an  average  of  800 
units  for  urobilin  and  625  units  for  urobilinogen.  It  will  be  noted  that 
there  is  a  very  considerable  decrease  in  the  values  after  splenectomy 
and  that  the  decrease  of  urobilin  is  proportionately  more  marked  than 
that  of  urobilinogen.  The  decrease  is  not  as  marked  in  the  early  period 
following  splenectomy  for  hemolytic  jaundice  as  it  is  following  splenec- 
tomy for  pernicious  anemia.  The  fall  in  urobilinogen  is  less  marked 
than  in  those  cases  of  pernicious  anemia  in  which  there  is  no  definite 
evidence  of  change  in  the  liver.  Very  soon  after  splenectomy  for  per- 
nicious anemia  urobilinogen  falls  to  zero  in  78  per  cent  of  the  cases.  The 
values  in  one  severe  case  of  the  acquired  type  of  hemolytic  jaundice 
with  a  blood-picture  of  pernicious  anemia,  obtained  only  during  a  relapse 
one  year  and  eight  months  after  splenectomy,  were  high,  showing  a 
total  of  4000  units.  These  values  were  not  included  in  the  preceding 
averages.  This  patient  had  a  large  liver  with  probable  biliary  cirrhosis 
(Table  4). 
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Transfusion. — Preoperative  transfusions  were  not  necessaiy  in  any 
of  the  cases  of  this  series.  One  patient  who  returned  one  year  and 
eight  months  after  splenectomy  in  a  relapse  of  anemia  improved  after 
two  transfusions. 

Poal-operalite  course. — The  immediate  improvement  following  sple- 
nectomy for  hemolytic  jaundice  is  very  striking.  The  jaundice  frequently 
becomes  noticeably  improved  within  twenty-four  hours  and  may  en- 
tirely disappear  during  the  first  few  days.  The  condition  of  the  blood 
likewise  rapidly  improves.  Our  first  patient  was  operated  on  July  30, 
1911,  five  and  one-half  years  ago,  and  has  been  in  excellent  condition 
ever  since  that  time.     She  had  been  constantly  jaundiced  from  infancy 
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to  the  time  of  splenectomy  and  has  never  lieen  JBundiced  since.  Diiring 
the  five  years  preceding  splenectomy  she  had  had  recurring  attacks  of 
anemia  but  has  not  been  anemic  since  splenectomy.  There  was  one 
operative  death,  a  mortality  of  8+  per  cent.  Reports  from  all  save 
two  of  the  other  patients  have  been  uniformly  good.  One  boy  of  nine 
years  who  had  an  extremely  large  spleen  and  an  enlarged  liver,  together 
with  a  very  severe  grade  of  anemia,  has  been  in  robust  health  since 
splenectomy.  The  condition  of  his  blood  improved  with  extreme 
rapidity  after  operation  without  any  form  of  medical  treatment  other 
than  hygienic  care.  Fifteen  months  after  splenectomy  the  patient  was 
in  excellent  health.  The  disease  in  the  two  patients  who  have  not  done 
so  well  was  of  the  acquired  type.  One  of  them  died  four  months  after 
splenectomy.  The  other  rapidly  became  very  much  improved  and  was 
in  excellent  health  for  one  year  and  a  half.  She  then  had  a  relapse  of 
both  the  anemia  and  jaundice,  but  improved  satisfactorily  after  two 
transfusions  and  is  now  in  good  health  again.  The  remaining  eight  - 
patients  have  been  well  for  twenty-three  months  or  less  {Table  5). 

Discussion 
Hemolytic  jaundice  may  be  regarded  as  the  diagnostic  keystone  of 
the  diseases  associated  with  splenomegaly  and  anemia.  In  clinical  sig- 
nificance it  may  be  said  to  occupy  the  position  of  a  group  of  diseases 
with  cirrhoses  of  the  liver,  syphilis  of  the  liver  with  splenomegaly,  and  ob- 
structive forms  of  chronic  jaundice,  on  the  one  hand,  and  pernicious  ane- 
mia, splenic  anemia,  leukemia,  and  splenic  Hodgkin's  disease  on  the  other. 
An  appreciation  of  the  characteristics  of  hemolytic  jaundice  gives  a  new 
insight  into  the  diagnosis  of  these  interesting  diseases.  The  differentia- 
tion between  chronic  jaundice  due  to  ol>struction  of  larger  ducts  and 
hemolytic  jaundice  (which  in  part  may  be  due  to  obstruction  of  smaller 
ducts)  depends  largely  on  a  recognition  of  the  type  of  jaundice  present. 
The  jaundice  of  uncomplicated  hemolytic  jaundice  is  an  intensified 
"hemolytic"  icterus,  an  exaggerated  form  of  the  icteroid  tinge  so  con- 
stantly seen  in  pernicious  anemia.  It  is  an  acholuric  jaundice;  there  is 
no  bile  in  the  urine.  It  is  not  associated  with  pruritus.  It  is  of  a  chronic 
nature  and  may  be  comparatively  deep  or  of  mild  grade.  It  is  usually 
remittent  in  type  and  never  entirely  disappears.  In  obstructive  jaun- 
dice there  is  chohc  urine  and  frequently  acholic  stool;  in  hemolytic 
jaundice,  acholic  urine  and  cholic  stool.  The  second  more  important 
distinction  between  obstructive  jaundice  and  hemolytic  jaundice  lies  in 
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the  difference  in  the  resistance  of  the  erythrocytes  in  the  peripheral 
circulation  to  hypotonic  salt  solution.  In  obstructi\'e  jaundice  the 
resistance  of  the  red  cells  is  quite  constantly  increased — sometimes  very 
markedly  increased — while  in  hemolytic  jaundice  it  is  decreased;  that  is, 
the  cells  are  more  fragile.  This  has  been  found  to  be  a  congenital  con- 
dition, and  members  of  the  family  should  be  tested  for  fragile  corpuscles 
in  order  to  obtain  exact  data  concerning  the  congenital  factor  in  a 
larger  percentage  of  the  cases.  An  increase  of  fragility  in  other  members 
of  the  family  may  prove  to  be  corroborative  evidence  to  a  diagnosis. 

Certain  types  of  cirrhosis  of  the  liver  with  jaundice  may  prove  to  be 
impossible  of  a  clinical  classification.  While  the  spleen  is  usually  smaller 
in  cirrhosis  of  the  liver  than  in  hemolytic  jaundice,  and  the  resistance  of 
the  red  cells  is  increased,  both  of  these  criteria  may  be  vitiated;  that  is. 
the  spleen  may  be  quite  large  and  the  presence  of  toxic  substances  and 
bile-pigments  may  affect  the  resistance  of  the  red  cells.  I  have  seen  so 
confused  a  condition  in  the  same  patient  as  cirrhosis  of  the  liver,  marked 
splenomegaly,  cholelithiasis,  and  a  pernicious  anemia  type  of  blood- 
picture,  when  only  a  definitely  increased  fragility  of  the  red  cells  indi- 
cated the  way  to  a  diagnosis  of  hemolytic  jaundice  as  the  probable 
primary  condition.  A  more  baffling  confusion  may  exist  when  hemolytic 
jaundice  has  progressed  through  its  attacks  of  acholuric  crises  to  typical 
attacks  of  cholelithiasis  with  a  secondary  obstructive  jaundice  super- 
imposed upon  the  original  hemolytic  jaundice.  In  this  event,  the 
Ribierre  test  for  an  increased  fragility  of  the  erythrocytes,  if  positive, 
becomes  of  especial  importance.  Increased  fragility,  a  history  of  former 
recurrent  attacks  of  jaundice  and  crises,  together  with  a  predominating 
splenomegaly  and  a  more  or  less  severe  anemia,  will  usually,  upon  careful 
analysis,  serve  to  indicate  the  proper  diagnosis. 

Syphilis  of  the  spleen  may  simulate  the  clinical  picture  of  any  of  the 
other  forms  of  the  splenomegalic  syndrome.  An  enormous  spleen,  deep 
chronic  jaundice,  recurrent  jaundice,  cirrhosis  of  the  liver,  and  probably 
even  the  pernicious  anemia  type  of  blood-picture,  have  each  been 
observed  as  associated  with  and  probably  a  result  of  syphilis.  I  do  not 
know  of  an  instance,  however,  in  which  the  exact  syndrome  of  hemolytic 
jaundice,  complete  in  all  its  details,  has  been  reproduced  by  syphilis. 

The  importance  of  obtaining  a  history  of  recurrent  attacks  of  jaun- 
dice is  exemplified  in  the  mistake,  not  uncommonly  made,  of  confusing 
hemolytic  jaundice  with  simple  splenic  anemia.  The  history  of  every 
patient  with  suspected  splenic  anemia  should  be  reviewed  carefully  for 
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former  attacks  of  jaundice  aod  crises  of  the  acholuric  type.  In  this 
way  only  will  patients  with  little  or  no  jaundice  at  the  time  of  examina- 
tion be  differentiated.  Hemolytic  jaundice  is  always  to  be  considered 
before  a  diagnosis  of  splenic  anemia  is  made. 

Pernicious  anemia  may  simulate  hemolytic  jaundice.  Given  a  young 
patient  with  a  large  spleen  and  evidence  of  very  active  hemolys^  re- 
sulting in  a  moderate  degree  of  icterus,  hemolytic  jaundice  would  at  once 
be  suspected.  The  pernicious-anemia  type  of  blood-picture  with  high 
color  index  occasionally  occurs  in  hemolytic  jaundice  when  myelotoxic 
Features  have  developed,  and  this  finding  further  confuses  the  picture. 
It  would  appear  that  the  chief  reliance  in  these  cases  must  be  placed 
upon  the  absence  of  a  typical  history  of  pernicious  anemia  and  the 
finding  of  fragile  red  cells;  for  in  pernicious  anemia  there  is  not  the 
increased  fragility  which  is  found  in  hemolytic  jaundice.  In  many  of 
our  cases  of  pernicious  anemia  in  which  the  Ribierre  test  has  been 
done  the  resistance  of  the  erythrocytes  to  hypotonic  salt  solution  has 
been  constantly  normal  or  increased. 

Splenic  Hodgkin's  disease  usually  remains  undiagnosed  until  surgical 
exploration  or  autopsy.  The  spleen  may  be  nodular,  and  this  charac- 
teristic is  possible  of  recognition  upon  physical  examination.  A  hbtory  of 
the  former  enlargement  of  the  lymph-nodes  may  be  obtained  although 
the  lymph-glands  may  be  small  and  the  spleen  large  at  the  time  of 
examination.  In  every  case  of  splenomegaly  the  condition  of  the 
lymphatic  system  demands  observation,  and  if  necessary,  a  gland  should 
be  excised  for  pathologic  diagnosis.  I  have  recently  seen  two  patients 
with  Hodgkin's  disease  who  presented  very  large  spleens  and  small 
lymphatic  glands;  in  one  of  these  a  diagnosis  was  made  upon  the 
microscopic  examination  of  an  excised  gland. 

Leukemia  may  be  seen  during  a  period  when  the  spleen  is  only 
moderately  enlarged,  the  anemia  is  severe,  a  blood-picture  simulating 
the  primary  type  of  anemia  is  present,  and  myelocytes  are  absent.  With 
any  considerable  enlargement  of  the  spleen  in  leukemia,  however,  the 
blood-picture  is  usuaUy>  though  not  always,  pathognomonic.  One 
patient  came  under  my  observation  in  whom  a  characteristic  blood- 
picture  of  leukemia  was  not  obtained  until  several  years  after  splenec- 
tomy. The  case  had  been  formerly  regarded  as  one  of  splenic  anemia. 
In  a  more  recent  ease  of  leukemia  there  was  some  resemblance  to  hemo- 
lytic jaundice,  but  the  fragility  of  the  erythrocytes  was  not  increased. 

A  very  valuable  general  discussion  concerning  the  diseases  asso- 
"17— S3 
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ciated  with  splenomegaly,  anemia,  and  jaundice  has  been  published  by 
Knimbhaar.  The  literature  of  splenectomy  in  the  treatment  of  hemo- 
lytic jaundice  was  summarized  in  1915  by  Elliott  and  Kanavel  who  were 
able  to  collect  48  cases.  Their  earliest  case  was  operated  on  by  Sir 
Spencer  Wells  in  1887,  and  reported  by  Dawson  twenty-seven  years 
later  .as  cured.  The  fragility  of  the  erythrocytes  in  this  case  was  still 
increased.  A  patient  operated  on  by  Bland  Sutton  in  1895  was  well 
ten  years  later.  Since  the  publication  of  the  report  by  Elliott  and 
Kanavel,  Hellstroem  has  recorded  two  cases.  Peck  three,  and  Friedman 
and  Katz  one.  Including  the  twelve  cases  here  discussed,  a  total  of 
sixty -six  cases  of  splenectomy  for  hemolytic  jaundice  has  been  reported. 
The  surgical  indications  and  technic  of  splenectomy  have  been  elaborated 
by  Mayo  and  Balfour. 

Summary 
i.  Seventeen  cases  of  hemolytic  jaundice  are  reviewed,  of  which 
four  are  probably  of  the  acquired  type.     In  twelve  of  them  splenectomy 
was  performed. 

2.  An  increased  fragility  of  the  erythrocytes  in  the  peripheral  circu- 
lation was  a  constant  finding  in  all  the  15  patients  tested.  This  increased 
fragility  was  found  to  persist  at  varying  periods  after  splenectomy  in 
7  of  8  patients  tested, 

3.  The  values  for  urobilin  and  urobilinogen  in  the  duodenal  contents 
were  high  in  6  patients  in  whom  they  were  estimated.  There  was  an 
appreciable  fall  in  these  values  following  splenectomy. 

4.  In  7  (58  per  cent)  of  12  splenectomized  patients  gallstones  were 
present.  The  removal  of  gallstones  has  not  cured  hemolytic  jaundice. 
On  the  other  hand,  patients  with  hemolytic  jaundice  who  were  splen- 
ectomized  have  been  cured  of  their  jaundice  and  anemia  though 
retaining  the  gallstones. 

5.  Of  the  12  patients  on  whom  splenectomy  was  performed,  10  are 
living;  9  are  in  excellent  health  without  jaundice  or  anemia.  There 
was  1  operative  death.  One  patient  died  four  months  after  operation; 
another  patient  with  a  severe  form  of  the  acquired  type  of  the  disease 
was  in  excellent  health  for  eighteen  months,  had  a  relapse  after  two 
years,  and  is  again  in  fairly  good  health  after  two  and  one-half  years 
following  two  transfusions.  Four  patients  have  been  in  excellent 
health  for  fourteen  months,  fifteen  months,  twenty-three  months,  and 
five  and  one-half  years  respectively. 
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RenoD,  Degr&is,  and  their  associates  (1910)  were  the  first  to  treat 
n^'elocytic  leukemia  by  means  of  radium  exposures  over  the  enlarged 
spleen.  In  1913  they  reported  five  cases.  In  the  first  case  satisfactory 
remissions  were  obtained  with  five  series  of  exposures  over  a  period  of 
two  years.  Death  occurred  two  years  and  two  months  after  the  first 
treatment.  In  the  cise  of  their  second  patient  a  satisfactory  result  was 
obtained  over  a  period  of  nine  months,  with  two  series  of  exposures. 
Death  occurred  twelve  months  after  the  first  treatment.  Two  patients 
were  in  good  condition  six  months  after  their  first  treatment.  The 
fifth  patient  had  been  splenectomized  prior  to  the  use  of  radium,  a  S800 
gm.  spleen  having  been  removed.  Following  the  splenectomy  the 
leukocytes  fell  to  27,000,  but  subsequently  rose  to  I4S,000.  Benzol 
was  used  without  apparent  effect.  The  asplenic  area  was  then  exposed 
to  radium,  and  this  procedure  was  curiously  followed  by  a  reduction  of 
the  leukocytes  to  21,500.  It  was  not  noted  by  the  authors  that  the 
reduction  may  have  been  a  late  effect  of  benzol;  it  may,  on  the  other 
hand,  have  been  due  to  the  direct  effect  of  radium  on  the  large  amount 
of  blood  in  the  abdominal  cavity.  Radium  was  next  applied  over  the 
thighs,  but  the  leukocytes  rose  to  81,600.  Radium  had  been  applied 
over  the  thighs  in  one  other  case  of  this  series  without  favorable  result. 

Renon  and  Degrais  mentioned  that  12  patients  had  been  treated  by 
other  French  observers  with  the  initiation  of  favorable  remissions. 

In  the  English  literature  a  few  cases  have  been  reported  in  which 
radium  exposures  were  followed  by  remissions.  Similar  results  have 
been  obtained  by  Peabody  and  by  Burnham  in  this  country  in  a  large 
series  of  unpublished  cases. 

In   May,    1916,   before   the  Association  of  American   Physicians, 
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Ordway  presented  a  complete  and  instructive  discussion  concerning 
radium  therapy  in  myelocytic  leukemia,  and  placed  on  record  a  detailed 
study  of  one  of  his  cases  in  which  a  remarkable  remission  had  been 
brought  about  by  means  of  radium  emanations.  In  this  case  the  patient 
had  been  formerly  resistant  to  both  the  roentgen  ray  and  benzol.  Death 
occurred,  however,  fifteen  months  after  the  recognition  of  the  disease. 

The  results  of  these  various  observers  lead  only  to  the  conclusion  that 
it  is  important  to  make  use  of  this  method  of  treatment  when  possible 
in  order  to  initiate  a  remission  in  a  disease  with  so  unfavorable  a  progno- 
sis. Our  own  experience  from  May  15,  1916,  to  April  1,  1917,  com- 
prises a  series  of  SO  consecutive  cases  of  myelocytic  leukemia  which 
have  been  treated  by  means  of  the  surface  application  of  radium  element 
over  the  spleen. 

Method  of  application. — In  some  instances  in  this  series  we  used 
50  mg.,  and  in  others  100  mg.,  of  the  radium  element  in  tubes.  The 
enlarged  spleen  was  mapped  out  into  squares  in  the  manner  described 
by  Ordway  and  the  radium  exposed  over  each  area  for  periods  of  three 
or  four  hours.  The  total  length  of  time  for  each  series  of  applications 
varied  from  twelve  to  forty-eight  hours;  usually,  however,  the  time  was 
from  twenty-four  to  thirty-six  hours.  Patients  remained  in  bed  during 
exposure.  In  the  early  cases  the  protection  consisted  only  of  2  mm.  of 
lead  beneath  the  radium  and  i  mm.  of  lead  over  the  radium.  The 
radium  vas  held  in  place  by  means  of  adhesive  plaster.  Superficial 
bums  resulted,  but  they  were  never  serious,  and  healed  without  diflEculty. 
As  previously  pointed  out  by  Ordway,  our  experiences  demonstrated 
that  the  skin  formerly  traumatized  by  adhesive  plaster  was  especially 
susceptible  to  bum.  After  adding  }^  inch  of  wood  beneath  the  i  mm. 
lead  screen,  we  obtained  results  equally  satisfactory  with  only  occa- 
sionally a  slight  bum.  The  radium  may  be  raised  so  far  from  the  skin 
by  means  of  gauze  that  little  result  is  obtained  from  the  exposures. 
When  a  satisfactory  response  does  not  occur,  we  reduce  the  protection 
even  to  the  point  of  burning  the  patient.  Dr.  W.  J.  Tucker,  working 
with  me,  devised  a  biscuit-shaped  block  which  has  been  used  routinely 
for  several  months.  This  consists  of  J^  inch  of  wood,  2  mm.  of  lead, 
J-^  inch  of  wood  bored  to  receive  the  tubes  of  radium,  and  above  this 
S  mm.  of  lead  and  another  ?^  inch  of  wood.  The  block  is  held  in  posi- 
tion by  means  of  a.  simple  canvas  belt.  An  endeavor  is  made  to  concen- 
trate the  fire  through  the  more  massive  portions  of  the  spleen. 

Clinical  experience. — For  convenience  of  presentation  our  30  cases 
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have  been  classified  with  respect  to  the  size  of  the  spleen  at  the  time  of 
the  original  examination.  The  deforce  of  splenic  enlargement  is  denoted 
by  the  Scale  1-4.  Scale  4  represents  a  spleen  of  enormous  size,  extend- 
ing beyond  the  midline  and  into  the  right  iliac  fossa,  practically  filling 
the  abdomen;  Scale  3,  a  spleen  the  edge  of  which  extends  well  to  the 
right  of  the  navel;  Scale  2,  a  spleen  extending  beyond  a  point  midway 
between  the  costal  edge  and  the  umbilicus,  and  Scale  1,  a  spleen  which 
is  easily  palpable  or  which  extends  only  a  couple  of  inches  from  the 
costal  edge.  Spleens  having  unusual  contour  or  position  have  been 
represented  by  their  approximate  equivalents  in  this  scale. 

There  Tvere  four  patients  with  spleens  in  the  Scale  1  group  (small  but 
easily  palpable  spleens)  (Table  1).  The  spleen  was  reduced  to  approxi- 
mately normal  size  in  these  four  patients  in  from  thirty-nine  to  sixty-one 
days,  after  from  2,000  to  6,600  mg.  hours  of  radium  given  in  from  two 
to  five  series  of  exposures.  The  leukocytes  in  one  instance  fell  from 
207,000  to  12,800  in  forty  days,  and  in  another  from  97,000  to  6,600  in 
thirty-nine  days.  The  general  condition  and  the  anemia  in  all  these 
patients  were  definitely  improved. 


TABLE  1.- 

MYELOCYTIC  LELKEMIA- 

RADIUM  TRE.\TMENt 

Splee-n— SfALE  1  (Slightly  Enlarp-d) 

P.CT.O,,, 

!i,-mE. 

'i 

Pi.ii.io™ 

Nlci, 

PfMNi-im 

crTE^Piit- 

Rn>;on<.N 

Tim 

NCH>» 

Lpnorrrt 

Lb.'H«TTE 

Bn««»< 

H^"- 

"c^Zll 

'spuiKEr 

M 

17S3I2 

1«,«)0 

11.0 

3.800 

1.7 

1  to  nurmal 

46  days 

5400 

4 

175374 

97.000 

19.0 

6.600 

1.0 

3B  days 

3800 

2 

186558 

eoT.ooo 

«7.T 

18.800 

8.3 

1  to  n<winftl 

40  days 

6600 

6 

189878 

96.000 

ao.7 

8.  WO 

a.7 

1  to  normal 

61  days 

WOO 

i 

There  were  7  patients  with  spleens  in  the  Scale  2  group  (spleens 
extending  nearly  or  quite  to  the  region  and  level  of  the  navel)  (Table  2). 
In  3  of  the  7  the  spleen  was  reduced  to  approximately  normal  size  in  from 
fifty  to  seventy  days  after  from  2,600  to  5,400  mg.  hours  of  radium  given 
in  from  two  to  five  series  of  exposures.  Two  of  these  patients  were  dis- 
charged at  the  end  of  fifty  and  fifty-four  days  from  the  time  of  the  first 
exposures,  their  leukocyte  counts  having  fallen  from  188,000  to  9.400 
and  329,000  to  7,000.  They  returned  in  four  months  and  in  two  months 
respectively  with  leukocyte  counts  of  107,600  and  68,000  and  their 
spleens  slightly  enlarged.     Reduction  again  occurred  to  approximately 
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Dormal  size  in  twenty  and  thirty-one  days  respectively,  with,  in  one 
instance,  one  series  of  exposures,  and  in  the  other,  three  The  patients 
were  in  such  good  general  condition  that  it  was  thought  inadvisable  to 
extend  the  treatment  to  the  point  of  reducing  the  leukocytes  to  a  normal 
count.  As  has  been  stated,  S  of  the  7  patients  in  this  group  were  dis- 
charged with  approximately  normal  size  spleens.  In  the  remaining 
i  the  spleens  were  reduced  to  Scale  1, 


TABLE  2.- 

MYELOCYTIC  LEUKEMH- 

RADIUM  TREATMENT 

SpLEEN— ScAl^  8  {Moderately  Enlarged) 

P».o.. 

•*Sf™- 

Mt^ 

T,a. 

L^^h 

Mt'^ 

Lki-iocttb 

l»B,«w 

Between 

hSLb 

Ccwm 

citePem- 

Cqcnt 

Sptiutii 

CISTAOE 

CEVTAOE 

1609S7 

188.000 

28.0 

9.400 

0.0 

2  to  normal 

50  days 

2600 

107,600 

18.7 

68.000 

18.3 

1  to  normal 

20  days 

800' 

159089 

S29.000 

29.7 

7,000 

2.3 

2  to  normal 

54  days 

4300 

68,000 

14.3 

15.800 

3.3 

I  to  normal 

31  days 

4450 

I8I494 

125.600 

7.3 

3.300 

0.3 

2  to  normal 

70  days 

5400 

183015 

aas.ooo 

19.0 

81,800 

11.3 

2tol 

21  days 

5350 

187881 

8,200 

4.7 

6,200 

1.7 

atoi 

11  days 

3600 

172166 

389,000 

47.0 

147,000 

33.3 

2tol-|- 

13  days 

2000 

343.000 

25.3 

42,600 

9.3 

«tol 

23  days 

7000 

17SM5 

214,000 

29.0 

22,000 

8.0 

2(ol-f- 

48  days 

3400 

In  one  case  (187021)  the  diagnosis  was  somewhat  doubtful.  The 
history  was  satisfactory  for  myelocytic  leukemia,  but  the  leukocyte 
count  was  in  the  neighborhood  of  8,000  cells,  of  which  4,7  per  cent  were 
myelocytes.  It  is  quite  probable,  however,  that  this  case  will  prove 
itself  to  be  one  of  myelocytic  leukemia. 

In  another  case  of  this  group,  one  of  long  standing  (172156),  the 
improvement  in  the  general  condition  was  not  commensurate  with  the 
reduction  in  the  size  of  the  spleen  and  the  leukocyte  count. 

There  were  11  patients  with  spleens  in  the  Scale  3  group  (very  large 
spleens  extending  well  beyond  the  level  of  the  navel)  (Table  3).  Four  of 
the  11  spleens  were  reduced  to  Scale  1,  or  were  easily  palpable  in  from 
twenty-two  to  one  hundred  twenty-two  days,  following  5,800  to  9,400 
mg.  hours  in  from  three  to  six  series  of  exposures.  Six  of  the  11  spleens 
were  reduced  to  Scale  8,  or  extended  approximately  midway  between 
the  costal  edge  and  the  navel.  In  one  there  was  only  a  slight  reduc- 
tion. This  patient,  however,  was  in  very  poor  physical  condition  and 
treatment  was  not  continued. 
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TABLE  3.— 

MYELOCYTIC  LEUKEMIA- 

-KADinW  TREATMENT 

SpLEEN— Sc*LE  3  (Markedly  Enlaiged) 

Pwno™ 

SCHC 

jE 

N-Di.™ 

SoBBBOimiT 

JH 

Tdu 

Mtb*. 

Lsdecict™ 

in  Sue  or 

h™   '- 

citePib- 

SrutEK 

Cocim 

CDITAai 

CWI.OE 

i?- 

173T78 

S60,(»0 

«9.3 

5,800 

0.7 

3      tol 

69  days    8000  i  S 

177183 

712.000 

39.7 

18.200 

6.7 

3+U.l 

122  days    MOO      1 

183919 

84.300 

18.7 

16.000 

20.3 

8      lol 

41  days    5800  (  i 

188WS 

!«8,000 

S2.3 

22,000 

0.3 

3      tol 

22  days     9000     S 

1708S7 

389,000 

40.3 

20,000 

21.7 

8      to? 

10  days     1800      1 

168Ui 

88,000 

60.7 

34.600 

27J 

S      to2 

12  days     9150  [  i 

169960 

142,000 

40.3 

0.800 

9.3 

3+ to  2 

43  davs     3800  '  1 

173740 

89,000 

S0.3 

15,200 

19.3 

3+ to  2 

7  days      1400  ,    1 

173747 

8,eoo 

lfi.7 

1,600 

2.3 

S      to2 

98  days     3400     J 

181309 

395,000 

38.7 

19.000 

0.0 

3      to2 

41  days     7750     8 

fi«S88 

«S8,000 

32.7 

108.000 

w.o 

3+  to  3 

12  days     4450  1   i 

One  patient  of  Scale  S  group  (173747)  gave  a  satisfactory'  histoid'  fw 
leukemia,  but  the  leukocyte  count  was  low — 8,800  with  15.7  per  cent 
myelocytes.  The  leukocyte  count  became  reduced,  after  three  series 
of  exposures,  to  1,600  cells,  of  which  2.3  per  cent  were  myelocj-tes;  the 
size  of  the  spleen  was  little  changed.  In  the  series  as  a  whole  an  extreme 
leukopenia,  such  as  occurred  in  this  case,  has  been  guarded  against 
The  patient  began  to  show  changes  in  the  mechanism  of  coagulatioD, 
and  slight  epistaxis  occurred.  Transfusion  was  done,  and  he  improifd 
immediately.  Three  months  later  be  had  a  definite  leukocytosis,  whidi 
further  corroborated  the  diagnosis.  Another  patient  of  this  group 
(169360)  showed  a  marked  hemorrhagic  tendency  at  the  time  of  the  first 
examination,  that  is,  epistaxis,  hematuria,  petechial  and  purpuric  enip- 
tions,  and  a  very  toxic  condition.  After  two  series  of  exposures,  a  total  of 
3,600  mg.  hours,  over  a  period  of  forty-three  days,  all  hemorrliage 
ceased,  the  patient's  general  condition  improved  remarkably,  the  leuko- 
cytes were  reduced  from  142,000  to  9,800,  and  the  spleen  was  consider- 
ably smaller.  It  has  been  repeatedly  noted  following  radium  tieatment 
that  the  hemorrhages  cease  when  the  condition  of  the  patient  becomes 
improved.  A  very  rapid  improvement  and  reduction  of  the  leukoQie 
count  occurred  in  one  patient  (170257)  in  whom,  after  one  series  rf 
exposures,  1,800  mg.  hours,  the  leukocyte  count  became  reduced  in  t^ 
days  from  389,000  to  29,900. 

There  were  8  patients  with  spleens  in  the  Scale  4  group  (enonnous 
spleens)  (Table  4).  The  most  remarkable  results  were  seen  in  somerf 
the  cases  of  this  group.     In  4  of  the  8  patients  the  spleen  became  redii««J 
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from  Scale  4  to  Scale  1  in  from  twenty-six  to  seventy-five  days  after 
from  three  to  six  series  of  exposures,  totaling  from  4,600  to  10,000  mg. 
hours.  In  the  remaining  4  cases  there  was  a  very  considerable  reduc- 
tion in  the  size  of  the  spleen  and  in  the  leukocyte  count,  in  spite  of  the 
fact  that  two  of  the  patients  were  in  extremis  and  no  results  would 
ordinarily  have  been  expected  from  treatment.  In  one  instance  in  this 
group  the  leukocyte  count  was  reduced  from  918,000  to  19,600  in 
thirty-one  days  after  five  series  of  exposures.  In  another  instance  the 
leuko^te  count  was  reduced  from  773,000  to  25,000  in  seventy-five  days 
after  five  series  of  exposures.  In  this  latter  patient  the  reduction  of  the 
spleen  was  remarkable. 


TABLE  4.— 

MYELOCYTIC  LEUKEMIA 

-RADIUM  TREATMENT 

Spleen— .Scale  4  (Huge) 

^^r 

£ 

Time 

i 

Numo 

Ll!«.OCTTE 

Mtelo- 

Liuioct™ 

Mtkic- 

Ma. 

COUM 

*'"S^ 

P^m- 

Spluh 

Cocinr 

z 

I7S79I 

S1S,OOI> 

M.7 

10.600 

13.0 

4tal 

31daya 

8.300 

5 

168899 

a8o.ooo 

88.0 

11.600 

0.0 

4lo8 

57  days 

3.300 

3 

178336 

773.000 

35.0 

es.ooo 

3.7 

4toI 

Tfidaya 

7,700 

3 

180499 

604.000 

«8.S 

5,600 

0.7 

4tol 

46(kya 

10.000 

S 

176694 

815.000 

16.3 

8,aoo 

4.3 

4tol 

IWdsya 

1.800 

8 

168748 

16.400 

17.0 

4.800 

4.3 

4  to  2 

SSdays 

4.500 

17S480 

470,000 

3S.3 

157,000 

10.3 

4to3 

lOSdaya 

7.350 

7 

166824 

644.000 

43.0 

30.400 

34.7 

4bi3 

99  days 

4.3S0 

3 

Another  patient  of  this  group  (168743)  presented  a  satisfactory 
history  for  leukemia,  while  the  leukocyte  count  was  only  16,400,  of 
which  17  per  cent  were  myelocytes.  It  is  apparently  not  of  rare  occur- 
rence to  observe  in  myelocytic  leukemia  a  huge  spleen  without  extreme 
leukocytosis,  the  case  being  of  more  chronic  type,  with  longer  history; 
this  type  of  case  is  apt  to  show  a  less  marked  remission  as  the  result  of 
radium  treatment. 

It  is  not  possible,  without  extended  discussion,  to  follow  in  detail 
the  individual  cases  of  the  series;  however,  the  temporary  eifect  of  the 
treatment  by  radium  exposures  has  been  demonstrated.  The  ultimate 
results  cannot  be  summarized  at  this  time,  but  there  is  no  reason  to 
believe  that  the  effect  will  be  other  than  temporary.  In  14  of  the  30 
cases  after  a  marked  reduction  of  the  size  of  the  spleen  had  been  brought 
about  by  means  of  radium,  splenectomy  was  done  without  operative 
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mortality.  The  post-operative  course  of  these  cases  cannot  be  satis- 
factorily discussed  at  present. 

The  differential  count. — The  reduction  not  only  of  the  absolute 
number  but  also  of  the  relative  percentage  of  myelocytes,  is  most 
striking  aft«r  radium  treatment.  As  a  less  elctreme  and  quite  repre- 
sentative example  one  instance  (168742)  may  be  cited  in  which  the 
myelocytes  fell  from  89.7  per  cent  of  329.000  ceils  to  2.3  per  cent  of  7,000 
cells,  or  from  approximately  88,000  cells  to  140  cells.  It  has  always 
been  possible  to  6nd  myelocytes  in  the  smears  on  prolonged  s^rcb. 
though  they  have  occasionally  been  absent  on  the  routine  differential 
count. 

The  reduction  of  the  number  of  neutrophilic  polynuclears  is  also 
striking.  The  relative  percentage  remains  approximately  the  same 
before  and  after  treatment,  but  the  reduction  of  the  absolute  poly- 
nuclear  count  is  very  great;  for  example,  in  the  case  previously  cited  a 
reduction  from  57  per  cent  of  329,000  cells  to  70.7  per  cent  of  7,000  cells, 
or  from  approximately  187,000  cells  to  5,000  cells. 

Although  the  relative  percentage  of  small  lymphocytes  increases  after 
reduction  of  the  leukocyte  count,  there  is  nevertheless  a  reduction  of  the 
absolute  count  to  approximately  one-tenth  of  the  original  number  of 
cells.  The  relative  percentage  of  large  mononuclears  increases  after 
treatment,  but  some  of  these  are  without  doubt  myeloblasts. 

Reactions  following  the  use  of  radium. — The  immediate  reactions  of 
radium  treatment  in  the  series  have  been  infrequent  and  mild.  Large 
doses  have  not  been  used,  and  in  most  instances  the  series  of  expo- 
sures has  been  of  short  duration.  Only  once  did  vomiting  occur,  and 
it  was  not  severe.  In  6  instances  there  was  more  or  less  complaint  of 
nausea  with  weakness;  in  2  there  was  headache,  and  in  1  there  was  quite 
a  persistent  complaint  of  backache. 

Radium  is  a  powerful  element,  and  it  is  necessary  to  study  carefully 
the  results  of  treatment  in  order  to  avoid  overexposure  and  possible 
harm.  Repeated  applications  of  radium  once  a  week  for  several  weeks 
may  initiate  a  severe  anemia  with  leukopenia.  If  the  red  blood-cells 
fall  below  2,500,000,  transfusion  should  be  considered  and  radium  treat- 
ment temporarily  discontinued.  When  there  is  reduction  of  the  spleen 
and  reduction  of  the  leukocytes,  one's  enthusiasm  may  lead  to  over- 
application.  As  a  rule,  we  have  been  content  to  have  the  leukocytes 
fail  to  20,000  or  15.000  cells.  With  a  definite  leukopenia  there  seems 
to  be  much  more  likelihood  of  the  occurrence  of  a  crisis,  with  severe 
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anemia  and  hemorrhage.  The  anemia  may  then  simulate  the  primary 
type,  with  normoblasts  and  megalobla^ts  present.  We  have  noted  a 
temporarily  increased  fragility  of  the  red  blood-cells  shortly  after 
radium  exposure.  It  is  also  probable  that  there  is  a  reduction  of  plate- 
lets after  excessive  radium  treatment.  We  have  learned  quite  definitely 
the  necessity  for  the  timely  use  of  transfusions  in  connection  with 
radium  treatment.  In  general,  as  patients  with  leukemia  approach  a 
serious  condition,  severe  anemia  develops.  If  this  anemia  can  be 
combated  by  means  of  transfusion,  life  can  frequently  be  prolonged. 

Inyirovement  in  the  general  condition.~The  improvement  in  the  gen- 
eral condition  in  some  instances  is  nothing  short  of  remarkable,  even 
after  one  or  two  series  of  exposures.  The  appetite  returns,  the  toxemia 
becomes  ameliorated,  and  the  strength  rapidly  increases.  The  improve- 
ment in  the  general  condition  does  not  seem  to  be  the  result  of  a  rapid 
improvement  of  the  anemia,  but  is  probably  due  to  a  reduction  of  the 
toxemia  and  leukocytosis  and  an  increase  of  appetite.  Very  marked 
improvement  of  the  general  condition  is  frequently  seen  with  only  slight 
improvement  of  the  hemoglobin  and  red-cell  count.  A  gain  in  weight 
results  in  spite  of  the  rapid  reduction  in  the  size  of  the  spleen.  A  certain 
degree  of  improvement  occurred  in  all  the  30  patients  treated.  In  26 
there  was  marked  improvement,  and  in  13  of  these  a  very  remarkable 
improvement. 

Cases  in  which  the  anemia  was  not  improved. — There  were  5  pa- 
tients in  whom  at  one  time  or  another  during  the  course  of  the  radium 
treatment  a  definite  improvement  in  the  hemoglobin  and  in  the  red 
blood-cells  did  not  occur.  Three  of  the  5  were  in  extremely  bad  condi- 
tion. One  was  so  ill  that  after  one  treatment  radium  was  discontinued. 
Another  was  a  severe  bleeder,  and  was  very  resistent  to  treatment, 
although  the  bleeding  finally  ceased  and  general  improvement  occurred 
without  transfusion.  The  third  responded  fairly  well  to  a  first  series 
of  exposures,  but  returned  in  a  few  weeks  with  severe  anemia  and 
ascjtes.  The  remaining  2  of  the  5  patients  with  severe  anemia  were 
examples  of  the  results  of  long-continued  exposures.  Leukopenia  and 
severe  anemia,  together  with  a  petechial  eruption  and  epistaxis,  de- 
veloped. Transfusions  were  resorted  to,  and  the  patients  are  both  now 
in  very  good  general  condition. 

Hemorriiage. — The  effect  of  radium  exposures  on  hemorrhage  in 
myelocytic  leukemia  is  important.  It  can  be  stated  definitely  that 
hemorrhages  have  very  promptly  ceased  after  improvement  has  been 
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initiated  by  means  of  radium.  Fourteen  patients  gave  a  previous 
history  of  hemorrhage.  In  many  instances  bleeding  had  followed  the 
extraction  of  a  tooth.  Epistaxis  was  a  more  common  form  of  sponta- 
neous hemorrhage.  Purpura,  petechice,  and  melena  also  occurred.  In 
only  two  instances  did  hemorrhage  follow  radium  treatment  when  it  had 
not  occurred  previously.  In  all  of  the  other  hemorrhagic  cases  the 
hemorrhage  ceased  after  the  first,  second,  or  third  exposures.  One 
patient  who  was  a  very  severe  bleeder  ceased  to  bleed  after  two  series 
of  exposures.  The  two  patients  who  bled  only  after  radium  treatment 
had  developed  a  severe  anemia  and  a  leukopenia,  and  hemorrhages  were 
slight — in  one  instance  epistaxis  and  in  the  other  petecfaie  over  the  legs. 
Transfusions  were  immediately  resorted  to,  with  satisfactory  results. 

Summary 

1.  Thirty  consecutive  cases  of  myelocytic  leukemia  were  treated  by 
means  of  the  surface  application  of  radium  element  over  the  enlarged 
spleen.  A  dosage  of  50  and  100  mg.  was  used.  The  protection  finally 
adopted  was  2  mm.  of  lead  and  ^  inch  of  wood.  The  splenic  area  was 
mapped  out  into  squares  after  the  manner  described  by  Ordway,  and 
the  radium  was  applied  over  each  square  for  from  two  to  four  hours, 
with  a  total  exposure  usually  of  twenty-four  or  thirty-six  hours.  The 
exposures  were  repeated  every  week  until  a  satisfactory  remission  was 
obtained. 

2.  A  certain  degree  of  general  improvement,  together  with  reduction 
of  the  size  of  the  spleen  and  of  the  leukocyte  count,  occurred  in  every 
instance,  even  in  the  most  advanced  and  toxic  cases.  Marked  tem- 
porary improvement  occurred  in  86  patients  and  a  remarkable  improve- 
ment in  13.  It  is  impossible  satisfactorily  to  discuss  the  subsequent 
histories  of  these  cases  at  this  time. 

3.  Hemorrhage  ceased,  as  a  rule,  after  one  or  two  series  of  exposures. 
In  two  instances  hemorrhage  occurred  after  radium  exposures  when  it 
had  not  occurred  previous  to  treatment.  In  these  instances  the  hemor- 
rhage seemed  to  be  the  result  of  overexposure;  an  anemia  also  developed; 
both  the  hemorrhage  and  the  anemia  were  successfully  combated  by 
means  of  transfusion. 

4.  In  25  patients  there  was  definite  improvement  of  the  anemia, 
concomitant  with  the  improvement  of  the  general  condition.  The 
reduction  of  the  number  of  leukocytes  was  due  chiefly  not  only  to  an 
absolute,  but  also  a  striking  relative,  fall  in  the  myelocytes;  there  was  a 
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strikiDg  fall  in  the  absolute  count  of  polynuclears,  while  their  relative 
percentage  remained  approximately  the  same.  There  was  also  a  marked 
fall  in  the  absolute  count  of  small  lymphocytes. 

5.  Surface  exposures  of  radium  over  the  spleen  of  myelocytic  leu- 
kemia usually  effect  a  very  rapid  reduction  of  the  size  of  the  spleen,  a 
fall  of  the  leukocyte  count,  improvement  in  the  general  condition,  and, 
together  with  transfusion,  constitute  at  present  a  most  effective  measure 
in  the  treatment  of  the  disease. 
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PULMONARY  EMBOLISM* 
An  Experimental  Study 

F.    C.    MANN 

Virchow'  was  the  first  to  recognize  embolism  and  to  studj'  it  ex- 
perimentally. Cohnheim'  was  the  next  investigator  to  consider  the 
subject.  Cohn'  produced  a  classic  work  on  ;emboIism  in  which  he  con- 
sidered the  subject  in  its  broad  aspects,  both  clinically  and  experiment- 
ally. Welch*  presented  the  more  recent  complete  review  of  the  subject, 
and  the  clinical  and  pathologic  aspects  of  pulmonary  embolism  have 
been  discussed  by  Wilson,'  who  suggested  this  investigation. 

Many  experiments  by  various  investigators  have  been  performed 
on  embolism.  However,  the  main  purpose  of  most  of  the  experimenters 
has  been  either  to  determine  the  location  of  the  emboli  or  to  study  the 
method  by  which  the  lung  becomes  infarcted,  Very  few  have  aimed  to 
determine  the  mechanism  producing  death. 

Deaths  due  to  pulmonary  embolism  may  be  divided  into  three 
groups:*  (1)  Immediate  death  occurring  when  only  a  small  portion  ol 
the  pulmonary  circulation  is  obstructed.  (3)  Death  caused  within  a 
few  minutes  and  due  to  a  complete  or  almost  complete  blocking  of  the 
pulmonary  circulation.  (3)  Delayed  death,  the  result  of  an  increase 
by  thrombosis  of  an  initial  blockage  by  an  embolus  of  a  portion  of  the 
pulmonary  circulation. 

The  cause  of  death  in  either  Group  8  or  Group  3  is  very  evident. 
The  mechanism  by  which  death  is  produced  by  an  embolus  which  blocks 
only  a  small  part  of  the  pulmonary  circulation  (Group  I)  is  unknown. 

The  present  investigation  was  made  for  the  purpose  of  determining 
this  unknown  factor,  a  purpose  I  have  not  been  able  to  accomplish  as  it 
has  been  possible  to  produce  death  experimentally  only  by  a  more  ot 
less  complete  blocking  of  the  pulmonary  circulation.  However,  a  brief 
report  of  the  experiments  may  be  of  value. 
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All  experiments,  unless  otherwise  stated,  were  performed  under  ether 
anesthesia,  and  the  carotid  blood -pressure  and  respiration  were  recorded. 
The  emboli  were  sent  into  the  venous  circulation  through  the  right 
femoral  vein  except  in  a  few  experiments  in  which  the  left  external 
jugular  was  used. 

The  emboli  employed  were  of  two  kinds.  One  kind  was  made  of 
parafBn  with  a  melting-point  of  about  43  C.  It  was  found  that  ordi- 
nary Christmas  candles  offered  ideal  material  for  these.  By  using 
the  different  colors  it  was  poss!ble«Xo  make  each  embolus  distinctive 
and  thus  to  tell  definitely  the  relationship  between  the  time  the  em- 
bolus was  sent  into  the  circulation  and  the  position  in  which  it  was 
found  at  necropsy.  Furthermore,  the  melting-point  of  the  candle  was 
such  that  it  became  soft  and  would  readily  mold  at  body  temperature, 
but  did  not  form  droplets. 

The  other  kind  of  embolus  was  made  from  the  animal's  own  blood. 
The  left  external  jugular  vein  and  the  right  femoral  vein  were  dissected 
free  for  a  portion  of  their  course.  Blood-vessel  clamps  were  placed  on 
them  and  the  exposed  portion  of  the  veins  was  allowed  to  become  dis- 
tended with  blood.  It  was  then  gently  crushed  with  a  hemostat.  and 
after  this  a  few  cubic  centimeters  of  tissiue  extract  or  blood-serum  from 
the  same  animal  were  injected  into  the  damaged  veins.  Under  these 
conditions  large  clots  formed  in  the  vessels  very  quickly,  ^lien  the 
clamps  were  removed,  the  clots  were  swept  into  the  circulation,  the 
process  simulating  the  detachment  of  a  thrombus  in  a  patient. 

The  general  results  of  all  the  experiments  were  the  same.  It  was 
impossible  to  produce  death  or  seriously  imperil  the  life  of  the  animal 
by  emboli  until  the  pulmonary  circulation  was  greatly  obstructed 
(Protocol  1).  Some  emboli  passed  from  the  femoral  vein  to  a  branch 
of  the  pulmonary  artery  without  producing  any  effect  on  either  blood- 
pressure  or  heart-beat.  Usually,  however,  there  was  a  slight  drop  in 
the  blood-pressure  at  the  instant  the  embolus  passed  through  the  heart. 
This  drop  simulated  that  of  a  momentary  inhibition  of  the  heart.  Sec- 
tion of  the  vagi,  however,  did  not  prevent  it.  In  all  probability  it  was 
due  to  a  passage  of  the  embolus  through  the  pulmonary  valves.  This 
was  quickly  recovered  from  and  the  blood-pressure  usually  maintained 
a  practically  uniform  level  until  many  emboli  had  been  sent  into  the 
circulation.  The  first  noticeable  effect  of  the  emboli  was  an  increase  in 
the  venous  pressure.  The  abdominal  veins  stood  out  prominently,  and 
small  veins  severed  in  the  operative  procedure  which  did  not  bleed  at 
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II 


^  the  time  of  section  began  to  bleed  after  the 

^1  passing  of  a  few  emboli.  Later,  blood- 
z  I  pressure  decreased — in  some  experiments 
^i  suddenly,  in  others  it  fell  to  zero  slowly. 
|S  The  sudden  drop  was  usually  found  to  be 
"ag.  due  to  a  sudden  blocking  of  the  pulmonary 
Is  artery,  while  in  the  gradual  drop  the  emboli 
*g  had  blocked  most  of  the  pulmonary 
I'-  branctys.  and  blood-clots  had  formed 
St  around  them.  Respiration  was  unaffected 
until  blood-pressure  began  to  decrease. 
Then  it  usually  increased  in  both  rate  and 
amplitude.  The  blood-pressure  usually 
J  reached  zero  before  respiration  ceased. 
^  At  autopsy  in  every  instance  in  which 

I  death  had  been  produced  by  the  emboli  the 
"  pulmonary  circulation  was  found  to  be 
I  almost  completely  obstructed.  Depending 
i  on  the  size  of  the  emboli  in  some  experi- 
I  ments,  the  pulmonary  artery  or  the  two 
g  branches  were  blocked;  in  others  the  occlu- 
1  sionoccurredin  thesmallerbranches.  When 
the  blood-pressure  had  decreased  slowly  and 
venous  pressure  had  increased  considerably, 
many  of  the  emboli  sent  into  the  circulation 
5^  towardthe  end  of  theexperiment  were  found 
*"|  in  the  right  ventricle  or  vena  cava. 
ij  The  position  assumed  by  the  emboli  in 

^■1       the  pulmonary  system  in  relation  to  the 
l3        time  of  the  injection  was  fairly  uniform. 
^  ^        As  would  be  anticipated,  the  first  emboli 
|t        passed  were   usually  found   in  the   larger 
branches  of  the  pulmonary  artery,  and  the 
first  two  or  three  emboli  were  found  in  the 
upper  branch  of  the  left  branch  of  the  pul- 
monary artery  or  in  the  pulmonary  branch 
going  to  the  largest  lobe  of  the  right  lung. 
The  positions  of  the  rest  of  the  emboli  were 
never  uniform. 
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As  it  was  found  impossible  to  produce  sudden  death  by  emboli  in 
normal   dogs  without  almost  complete  obstruction  of  the  pulmonary 
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1  Decropiy.     (Actual  liu^) 


circulation,  the  procedure  was  repeated,  using  animals  with  a  greatly 
depressed  circulation.  In  a  few  experiments  the  animal  was  subjected 
to  se%-eral  hours'  anesthesia  before  the  emboli  were  used;  other  dogs 
were  practically  moribund  with  dis- 
temper. Inatltheseanimalstheblood- 
pressure  was  low  (Protocol  2).  The 
results  in  these  experiments  did  not 
differ  from  those  for  which  normal 
dogs  were  employed.  Death  was  not 
produced  until  obstruction  of  the  pul- 
monary circulation  occurred. 

It  was  deemed  possible  that  general 
anesthesia  was  a  factor.  To  obviate 
this,  in  a  small  series  of  animals  the 
operative  procedures  were  done  under 
local  anesthesia.  The  results  were  the 
same  as  when  ether  was  employed 
(Protocol  3). 

In  a  few  experimeflts  the  emboli 
were  sent  in  under  sterile  conditions, 
ftlien  very  many  emboli  were  era- 
ployed,  the  animal  either  died  on  the  table  or  a  short  time  afterward, 
or  developed  infarction  of  the  lungs.     When  only  a  few  emboli  were 
employed,  the  animal  was  not  affected  (Protocol  4). 
■17—3* 
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Death  from  pulmonary  embolism  usually 
takes  place  in  relatively  strong  patients  at  the 
time  they  attempt  to  leave  the  sick-room  at  the 
beginning  of  convalescence.  They  are  usually 
active  at  the  time  of  death.  To  simulate  this  con- 
dition a  strong  animal  was  fasted  for  several  hours 
and  the  emboli  passed  into  the  circulation  im- 
mediately after  a  period  of  intense  exercise.  The 
results  of  this  experiment  were  also  negative 
(Protocol  5). 

EXPEBIMENTAL 

Protocol  1. — Mongrel,  male;  weight  7  kilos. 

December  S3, 1916, 8.45  A.M.:  Animal  ether- 
ized. The  apparatus  was  arranged  to  record  car- 
otid blood-pressure  and  respiration.  Right  femoral 
vein  exposed.  Normal  record  taken,  beginning  at 
9.10  a.  u.  Emboliof  paraffin,  4  cm.  in  length  and 
0.5  cm.  in  diameter,  were  inserted  into  the  ri^t 
femoral  vein  as  follows: 


TlBB 

Ebpolc.  No. 

Cou»  or  Ehbolo 

A.  M. 

9.81 

Uveuder. 

e.« 

Blue. 

9.88!^ 

Red. 

g.ss 

Pink. 

9.84 

Yellow. 

9.U'A 

Orangp. 

9.iS 

Gteen. 

9.*5!^ 

Uvender  bdiI  yeUow. 

9.e6H 

Green  and  yellow. 

9.27 

Red  and  yellow. 

9.ffl 

Mixed,  several  colon. 

The  blood-pressure  was  affected  as  each  em- 
bolus passed  through  the  heart.  Later,  blood- 
pressure  began  to  decrease,  the  dog  dying  at  9.47 
A.  M.  Fig.  158  gives  the  kymograph  record  of 
blood-pressure  and  respiration,  and  Figs.  159  and 
160  give  the  size  and  location  of  emboli. 

Pro/oco/^.— Bulldog,  female;  weight  18. Okilos. 

December  S7,  1916:  The  animal  was  in  very 
poor  condition.  9.40  a.  m.  :  Etherized.  The  ap- 
paratus was  arranged  to  record  blood-pressure 
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and  respiration.  A  small  amount  of  blood  was  withdrawn.  The  right 
common  iliac  vein  was  exposed,  as  was  also  the  right  femoral  vein.  A 
blood-vessel  clip  was  placed  on  the  iliac  vein,  and  after  the  contributory 
veins  were  gently  crushed  with  a  hemostat,  blood-serum  taken  from  the 
blood  which  had  been  withdrawn  was  injected  into  the  injured  veins. 


nt.    Note  tbe  drop*  io  thr  h 
rlDti  torDHd  in  tbr  n 

The  same  process  was  repeated  with  the  left  external  jugular  vein. 
Clots  soon  formed  in  each  vessel.  10.37  a.  m.;  Blood-pressure  60  mm. 
10.44  A.  M. :  The  clamp  was  removed  from  tlie  jugular  vein  and  the  clots 
were  swept  into  the  circulation.  The  blood-pressure  decreased  18  mm. 
but  soon  returned  to  normal.  10.48  a.  m.  :  The  clamp  was  removed 
from  the  iliac  vein.     The  blood-pressure  immediately  fell  and  gradually 


Fi^.  143- — Kyoioffnph  Rcord  of  brood-pRiiun  Aod  rripintioiL  Time  in 
4aod-prM4i;FF.  I4a  Dirn.  cJ  mrrcuiy.  Tlie  vfttfi  w*T*  Kctioneo.  The  aifiula  m 
be  ixiiflin  nnboli  {*  by  0.S  na.}  mtn  Ihr  Heft  lemarat  VFin.  Note  that  tbe  I 
hf  hlaod-pnuun  evrn  after  tectioD  of  the  vagi.    Death  wu  not  produced  u 


decreased  until  it  reached  zero  at  10.54  a.  m.     Fig.  161  gives  the  kymo- 
graph record  of  the  blood-pressure  and  respiration. 

Necropsy  was  performed  immediately.  There  was  a  large  clot,  3.5 
by  1  cm.,  in  the  pulmonary  artery  and  extending  into  the  right  ventricle. 
This  practically  completely  obstructed  the  artery.     The  left  branch  of 
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the  pulmonary  artery  was  empty,  but  most  of  the  terminal  branches  of 
the  right  branch  of  the  artery  were  blocked  with  small  blood-clota. 

Protocol  3. — Collie,  female;  weight  9.3  kilos. 

May  Si,  1916:  The  right  femoral  vein  was  exposed  under  local 
anesthesia  with  sterile  technic.  Ten  emboli  of  paraffin,  varying  in  size 
from  2.5  to  3.5  cm.  long  and  0.5  cm.  in  diameter,  were  inserted  into  the 
vein.  The  time  used  in  putting  the  10  emboli  into  the  circulation  was 
ten  minutes.  The  animal  showed  no  symptoms  referable  to  the  emboli. 
The  pulse  and  respiration  remained  normal.  The  animal  remained  in 
good  condition  until  May  S7,  when  it  developed  a  marked  dyspnea  and 
respiratory  grunt.     It  was  bled  to  death  under  ether. 

Necropsy  was  performed  immediately.  The  recent  femoral  wound 
contained  a  small  hematoma  but  was  not  infected.  The  lungs  contained 
many  hemorrhagic  areas  of  infarction  measuring  0.5  to  i  cm.  in  diameter. 
On  the  upper  anterior  surface  of  the  lower  right  lobe  was  a  small  area 
of  marginal  emphysema.  It  was  possible  to  palpate  the  emboli  in  the 
pulmonary  artery.  There  were  no  emboli  in  the  heart.  It  was  im- 
possible to  identify  all  the  emboli  as  some  were  broken  into  two  or  more 
pieces.  The  right  branch  of  the  pulmonary  artery  was  completely 
blocked  with  the  exception  of  the  very  small  branches.  The  main 
branch  of  the  left  branch  of  the  artery  was  completely  blocked.  The 
center  of  each  lobe  of  both  lungs  was  necrotic. 

Protocol  4- — Young  mongrel,  male;  weight  9  kilos. 

December  IJt,  1915:  The  animal  was  etherized  and  the  right  femoral 
vein  exposed,  with  sterile  technic.  Four  emboli,  about  3  cm.  long  and 
0.5  cm.  in  diameter,  were  inserted  into  the  vein.  The  animal  recovered 
quickly  from  the  operation  and  has  been  in  excellent  health  up  to  the 
present  time,  fifteen  months  after  operation. 

Protocol  5. — Old  bulldog,  male;  weight  8.15  kilos;  very  pugnacious. 

March  37,  1917:  The  animal  had  been  fasted  for  eighty  hours  pre- 
vious to  the  beginning  of  the  experiment.  About  100  c.c.  of  blood  were 
removed  and  set  aside  to  clot.  Under  local  anesthesia  the  right  femoral 
vein  was  exposed  and  clamped  with  a  blood-vessel  clamp.  After  the 
vein  had  been  traumatized  with  a  hemostat  some  of  the  animal's  own 
blood-serum  containing  small  clots  was  injected.  In  a  short  time  the 
vessel  was  filled  with  clots.  The  animal  was  then  exercised  for  five 
minutes,  after  which  the  clamp  was  removed  from  the  vessel  and  the 
clots  were  swept  into  the  circulation.  The  respiration  and  pulse  did  not 
change.  The  process  was  repeated  with  the  left  external  jugular  vein. 
These  results  were  also  negative.  1  hour  later  the  animal  was  etherized 
and  bled  to  death. 

Necropsy  was  performed  immediately.  Many  of  the  terminal  arteries 
in  every  lobe  of  the  lungs  were  filled  with  clots.  It  was  estimated  that 
about  half  of  the  pulmonary  circulation  had  been  occluded. 
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Figs.  16%  and  163  are  kymograph  records  obtained  in  two  similar 
experiments. 

SUHBIART 

Emboli  made  of  paraffin  and  the  animal's  own  blood  were  sent  into 
the  venoua  circulation  of  dogs.  Death  did  not  occur  until  the  pul- 
monary circulation  was  practically  occluded.  The  results  were  the 
same  whether  the  blood-pressure  of  the  animal  was  normal  or  depressed 
by  ether  or  disease  and  whether  the  procedure  was  earned  out  under 
ether  or  local  anesthesia. 
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PULMONARY    FAT    EMBOLISM— A    FREQUENT 
CAUSE  OF  POST-OPERATIVE  SURGICAL  SHOCK* 

W.    W.    BISSELL 

It  is  impossible  to  review  the  volumes  written  concerning  the  etiologj' 
of  surgical  shock  without  adding  another  volume  to  references  already 
well  known  to  surgeons  and  practitioners  generally.  A  few  references 
here  to  the  literature  on  fat  embolism,  however,  are  quite  essential. 

Warthin  has  recorded  the  effects  on  the  heart  and  circulation  of 
injections  of  oil  into  the  heart  directly,  into  the  jugular  vein,  and  into 
a  heart  compensating  for  an  artificially  produced  valvular  lesion.  The 
injection  of  oil  directly  into  the  right  auricle  of  a  dog  causes  a  marked 
fall  in  carotid  pressure  and  a  marked  rise  in  auricular  and  jugular 
pressure.  Warthin  also  states  that  repeated  injections  cause  large 
systolic  pulsations  in  the  right  auricle,  steady  fall  of  arterial  blood- 
pressure,  and  gradual  rise  of  pressure  in  the  jugular  vein  and  right 
auricle.  He  does  not  refer  to  the  similarity  between  these  experimental 
observations  and  the  clinical  observations  on  the  circulatory  phenomena 
of  surgical  shock. 

The  fall  in  arterial  pressure  and  the  rise  in  venous  pressure  are  pre- 
cisely what  we  know  to  be  the  case  in  instances  of  so-called  surgical- 
shock;   the  patient  literally  bleeds  to  death  into  his  own  veins. 

Fischer  has  investigated  the  capillary  circulation  of  the  lungs  with 

special  reference  to  fat  embolism.     He  notes  that  more  than  60  per  cent 

of  oil  injected  intravenously  into  a  rabbit  soon  lodges  in  the  lungs.     He 

also  calls  attention  to  experiments  by  Reuter,  who,  under  his  direction, 

injected  oil  into  the  arch  of  the  aorta.     This  fat  also  was  found  in  the 

lungs.     While  the  experimental   technic  was  admittedly  crude  in  a 

quantitative  way,  Reuter  demonstrated  that  62  to  68  per  cent  of  oil 

injected  intravenously  could  be  recovered  from  the  lungs,  and  45  to  5S 

per  cent  of  oil  injected  into  the  arch  of  the  aorta  also  came  to  rest  in 

lung  capillaries. 

•  Presented  befo 
New  York,  April  7,  1917,    Reprinted  from  Surg..  Gyr 
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Fischer  explains  the  retention  of  fat  in  the  lungs  by  the  great  dilata- 
bility  of  lung  capillaries,  the  absence  of  tissue  pressure  about  the  vessels, 
and  the  negative  alveolar  pressure  about  the  capillaries.  When  oil  is 
injected  into  the  aorta,  he  explains  its  accumulation  in  the  lungs  by  the 
fact  that  rabbit  arterial  pressure  is  100  to  120  mm.  mercury:  pulmonary 
arterial  pressure,  9  to  12  mm.;  and  capillary  pressure,  33  mm.  The 
pressure  in  the  greater  (arterial)  circulation  forces  the  oil  through  the 
capillaries  into  the  venous  circuit,  where  pressure  in  the  right  ventricle 
is  insufficient  to  force  it  through  the  lung  capillaries.  He  admits  his 
failure  to  explain  fully  the  rising  blood-pressure  in  the  right  heart  in 
pulmonary  fat  embolism.  By  inflating  the  lung  alveoli  with  oxygen 
to  a  pressure  of  20  mm.  raercuiy,  Fischer  is  unable  to  force  pulmonary 
fat  emboli  into  the  greater  circulation.  He  concludes  that  a  large  part 
of  the  lung  circulation  can  be  occluded  without  seriously  threatening 
life,  and  that  the  importance  of  fat  embolism  in  man  may  be  overesti- 
mated; at  all  events,  fat  embolism  as  a  cause  of  death  can  play  a  r6le 
only  where  the  pulmonary  infarction  is  very  extensive. 

There  are  other  factors  to  be  considered.  I  have  observed  as- 
tounding amounts  of  fat  in  the  venous  blood  of  persons  with  broken 
bones,  and  it  is  presumable  that  in  Itpemia  from  any  cause  the  venous 
blood  is  rich  in  fat.  This  observation  would  be  of  lesser  importance 
had  not  Gauss  demonstrated  that  addition  of  10  per  cent  of  olive  oil  to 
blood  increases  its  viscosity  approximately  three  tines,  or  expressed  in 
percentages,  the  addition  of  10  per  cent  of  olive  oil  to  normal  blood 
increases  its  viscosity  200  per  cent.*  It  being  known  that  pulmonary 
fat  embolism,  both  in  man  and  experimentally  in  animals,  causes  a 
decreased  arterial  pressure  and  increased  venous  pressure  even  to  fata) 
termination,  it  is  reasonable  to  presume  that  a  venous  blood  rich  in  fat 
would  offer  additional  resistance  to  passage  through  capillaries  due  to 
its  increased  viscosity.  Certainly,  it  cannot  be  denied  that  in  the  lung 
capillaries,  where  fat  is  accumulated  as  by  repeated  injections,  the 
viscosity  of  the  blood  must  be  greatly  increased. 

•  PROTOCOL  OF  EXPERIMENT  BY  GAUS.S 
Tnic  Requirei)  for  1  cm,  of  Fluid  to  Pass  Through  thr  Capillakt  Under  Con- 
stant Prewure  of  70  MM.  Mebcurt  anb  Conbtast  Tehpebatdrb  of  84.3  C. 

Aboxi  Plus  Outb 

Secokh  Oil  SacoKM 

S«Iti(rfutk)n S3  100 

.\jdticBuid 45  130 

Human  blood-scrum 67  180 

Hunun  blood  slightly  diluted  with  citrate  solution, . ,   ISO  4S0 
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During  the  past  eight  months  I  have  observed  six  instances  of  fatal 
post-operative  fat  embolism  in  the  necropsy  service  of  the  Mayo  Clinic. 
Three  of  these  followed  breast  amputation;  one,  ventral  herniotomy; 
one,  craniotomy  for  brain  tumor;  and  one,  laminectomy  for  spinal  cord 
tumor. 

I  record  the  following  three  of  these  deaths  because  postmortem 
examination  revealed  no  lesions  other  than  fat  embolism  which  could  be 
interpreted  as  important  in  the  explanation  of  the  mechanism  of  death: 

Case  1  (167261). — A  hotel  clerk,  thirty-two  years  of  age,  entered 
the  Mayo  Clinic  July  26,  1916,  in  the  service  of  Dr.  H.  S.  Plummer. 
He  complained  that  ever  since  boyhood  he  had  suffered  the  incon- 
venience of  a  large  umbilical  hernia.  In  1913  he  sought  relief  in  an 
operation,  but  after  two  months  a  hernia  occurred  in  the  operation  scar. 
He  stated  tjiat  the  hernia  was  growing  larger  and  gradually  becoming 
more  painful  and  tender. 

Physical  examination  revealed  a  well-muscled,  but  very  obese  man, 
weighing  222  pounds,  with  a  large  post-operative  ventral  hernia.  Aside 
from  the  hernia  he  presented  no  noteworthy  clinical  abnormalities  On 
three  successive  days  the  twenty-four-hour  output  of  urine  was  normal 
and  the  specimens,  while  containing  a  trace  of  albumin,  contained  no 
casts  or  cells.  Fifteen  minutes  after  subcutaneous  injection  of  phenol- 
sulphonephthalein  the  dye  appeared  in  the  urine,  and  in  two  hours  the 
kidneys  returned  110  c.c,  of  urine,  there  being  47  per  cent  of  phenol- 
sulphoncphthalcin  in  the  sample.  The  average  systolic  blood-pressure 
for  three  days  was  133  mm.  mercury,  and  the  diastolic,  86  mm.  The 
blood  contained  7,400  leukocytes  and  80  per  cent  hemoglobin.  The 
temperature  was  always  normal. 

August  5,  1916,  the  operation  was  performed  by  Drs.  Judd  and 
Masson.  A  long  transverse  incision  was  made  across  the  abdomen,  the 
hernial  sac  was  freed  from  its  surrounding  adhesions  to  the  thick  layer 
of  subcutaneous  fat,  and  a  mass  of  the  great  omentum,  approximately 
15  cm.  in  diameter,  was  removed.  On  account  of  a  wide  diastasis  of 
the  rectus  muscles,  the  closure  of  the  sac  was  made  very  difficult  and 
during  this  part  of  the  operation  the  patient  became  quite  cyanotic, 
sufficiently  so  to  cause  the  surgeons  considerable  alarm.  The  closure 
was  completed,  however,  and  the  patient  returned  to  his  bed.  He 
improved  during  the  next  twelve  hours  after  proctoclysis  and  hypo- 
denuoclysis.  The  operation  was  done  toward  evening.  At  its  close 
the  pulse  was  of  good  quality  and  the  rate  was  118  per  minute.  During 
the  course  of  the  next  day  the  cyanosis  persisted  and  was  accompanied 
by  considerable  dyspnea.  This  cyanosis  and  dyspnea  partially  sub- 
sided by  the  end  of  the  first  twenty-four  hours  and  the  patient  seemed 
to  be  on  the  way  to  recovery.  During  the  coiirse  of  the  second  day, 
however,  the  temperature  rose  gradually  to  100.5  F.,  and  late  in  the 
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evening  the  patient  developed  a  mild  delirium.  The  delirium  grew 
more  intense,  and  by  the  morning  of  the  second  day  was  associated  with 
tremor  and  wild  hallucinations  of  sight  and  hearing.  The  temperature 
gradually  rose  to  105  F.,  and  with  it  the  pulse-rate  increased  to  140 
per  minute.  Death  occurred  within  forty-eight  hours  of  the  operation. 
During  the  second  day  the  respiratory  rate  rose  rapidly,  breathing  was 
attended  with  great  effort,  and  there  were  signs  of  consolidation  of  the 
lobes  of  the  lungs  posteriorly  (Chart  1). 

The  patient  had  offered  the  history  that  he  had  been  employed  as  a 
bartender  and  up  to 
three  months  previous 
to  his  appearance  for 
treatment  had  been 
a  moderately  heavy 
user  of  alcoholics. 
Had  similar  clinical 
observations  been 
made  on  a  person  dead 
of  broken  bones,  it  is 
probable  that  theclini- 
cal  diagnosis  of  fatty 
embolism  would  have 
been  made,  but  with 
the  remote  history  of 
alcoholism  and  physi- 
cal signs  of  consolida- 
tion of  lung  lobes  as- 
sociated with  a  delir- 
ium characterized  by 
hallucinations  and 
tremor,  the  clinical 
diagnosis  of  lobar 
pneumonia  and  delir- 
ium tremens   seemed 
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logical.  Cliu(l.-Tnnp«.luicudp>il»cur»iiift«ro|Knti«i.    Cut  1. 

The  following  necropsy  protocol  is  presented  in  some  detail  to  im- 
press surgeons  more  forcibly  with  the  possible  extent  of  post-operative 
fat  embolism: 

This  is  the  body  of  a  very  obese  white  man,  apparently  about  thirty- 
three  to  thirty-five  years  of  age,  weighing  well  over  200  pounds.  Livid- 
ity  of  the  face,  the  neck,  the  lobes  of  the  ears,  and  the  entire  posterior 
aspect  of  the  body  is  very  niarked.  Elsewhere  the  skin  of  the  body 
possesses  the  pallor  of  one  dead  from  hemorrhage.  The  umbilicus  is 
DUssing,  and  at  its  level  there  is  a  recently  made  laparotomy  wound. 


ey  Google 


W.  W,  BIW4ELL 


28  cm.  long,  surgically  closed  with  interrupted  silknorm-gut  retention 
sutures  and  a  continuous  horsehair  skin  suture.  Body  heat  is  present 
in  an  elevated  degree,  even  externally. 


Scattered  over  the  skin  of  the  abdomen  and  thorax  there  are  a  few 
(eleven  in  all)  bright  red  petechial  hemorrhages.     These  hemorrhages 
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are  approximately  equal  in  size,  measuring  1  mm.  in  diameter.     They 
are  to  be  found  only  in  the  skin  of  the  \'entral  part  of  the  trunk. 

On  opening  the  body  by  the  usual  midline  ventral  ineision,  it  is 


notieeable  that  in  the  depths  of  the  herniotomy  wound  there  is  a  great 
deal  of  fluid  fat  mixed  with  a  small  amount  of  bloody  serum.     In  the 
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removal  of  the  hernial  sac  an  elliptic  area,  38  cm.  long  and  20  cm.  vide, 
in  the  thick  subcutaneous  fat  has  been  surgically  traumatized.    The 


trauma  is  apparently  minimal  considering  the  size  and  nature  <J  the 
operation,  and  there  has  been  no  bleeding.     The  aitdominal  fat  m«is- 
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ures  10  cm.  through  its  thickest  portion,     A  part  of  the  great  omentum 
has  been  removed  by  this  operation;   the  remainder  contains  an  enor- 


mous amount  of  fat.     Scattered  throughout  the  visceral  and  parietal 
peritoneum  are  many  bright  red  petechial  hemorrhages,  the  largest  of 
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which  measure  3  ram,  in  diameter.     There  are  no  other  noteworthy 
abnormalities  in  the  peritoneum. 


tifi.mMiaa 


There  is  a  small  persistent  thymus  in  t)ie  up)>er  anterior  mediastinum. 
There  are  no  abnormalities  in  either  pleural  cavity  or  in  the  pericardial 
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cavity.     The  great  vessels  entering  the  roof  of  the  neck  are  severed, 
together  with  the  trachea  and  esophagus.     The  entire  thoracic  content 
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18  reflected  downward,  the  diaphragmatic  attachments  to  the  ribs  and 
spine  are  cut,  and  the  entire  trunk  is  eviscerated  except  for  the  contents 
■17— ss 
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of  the  pelvis.  By  so  doing  all  of  the  viscera  of  the  trunk  can  be  placed 
upon  a  pan  across  the  thighs  and  examination  can  then  be  conducted 
from  behind  without  removal  of  organs  from  their  relations  to  one 
another,  and  at  the  same  time  thorough  examination  of  the  large  venous 
trunks  of  the  body  is  made  pos- 
sible. 

The  lungs  are  quite  similar. 
Scattered  throughout  the  pleura 
of  both  are  many  bright  red  and 
faded,  dusky-pink  petechial 
hemorrhages.  The  dependent 
portionsof  both  lungsare  mottled 
dusky-slate  and  dusky-pink  color. 
A  necropsy  pan  Is  thoroughly 
cleaned  with  soap  and  water  and 
dried  with  clean  dry  towels.  The 
right  lung  is  carefully  washed 
with  running  water,  and  without 
severing  its  attachments  at  the 
hilum  the  lower  lobe  is  placed 
over   the   freshly  cleansed  and 

grease-free  pan  while  the  con-  ^ 

vexity  of  the  Jung  lobe  is  cut  >  g 

with  a  thoroughly  cleaned  knife-  S  "^ 

blade.     Immediately  there  is  an  "*  "" 

escape  of  a  great  amount  of  fluid  ' 

blood,  and  as  this  blood  runs  over 
the  dry  surface  of  the  pan,  an 
almost  incredible  amount  of  fat 
in  the  form  of  oil  droplets  is  vis- 
ible floating  on  the  surface.  The 
lungs  contain  not  only  a  great 
deal  of  fluid  blood,  but  also  a 
great  quantity  of  watery,  frothy 
material.  The  surfaces  made  by 
sectioning  the  lungs  are  every- 
where very  hypereraic.  Many 
areas  of  consolidation  are  seen 
in  the  lung  parenchyma  as 
slightly  elevated  hyperemic  areas 
of  finely  granular  appearance. 

Thefattytissuesaredissected     l 
from  the  inferior  vena  cava  and 

the  pericardial  covering  of  the  auricles.  The  inferior  vena  cava  is  greatly 
distended  with  blood  and,  on  incising  it,  many  fat-droplets  are  visible 
on  the  surface  of  the  escaping  blood.  The  blood  in  the  left  auricle  also 
contains  countless  small  oil -globules. 
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In  the  leptomeninges  of  the  brain  there  is  a  great  deal  of  watery 
material  and  a  marked  engorgement  of  all  the  blood-vessels.  The 
cerebrospinal  fluid  is  greatly  increased  in  amount,  but  is  perfectly  clear 
and  watery. 

Aside  from  these  descriptions  and  the  lesions  named  in  the  anatomic 
diagnosis,  there  are  no  noteworthy  gross  abnormalities  in  this  body. 
The  contents  of  the  neck  and  the  floor  of  the  mouth  are  not  removed 
for  examination. 

Fresh  preparations  of  the  top  layer  of  blood  running  from  the  sur- 
faces made  by  sectioning  the  lung  and  allowed  to  stand  in  a  small  bottle 
during  the  course  of  the  exaniination  contain  nearly  as  many  fat 
droplets  as  red  blood-corpuscles. 

Anatomic  diagnosis. — Marked  obesity;  recently  made,  unhealed  and 
surgically  repaired  large  transverse  umbilical  herniotomy  wound;  absence 
of  a  part  of  the  great  omentum;  many  oil  droplets  in  the  blood  contained 
in  the  limgs,  the  inferior  vena  cava,  right  and  left  auricle,  right  ventricle, 
and  in  the  large  duralsinusesof  the  brain;  disseminated  petechial  hemor- 
rhages in  the  skin,  peritoneum,  and  visceral  pleura  (fat  embolism); 
marked  engorgement  of  all  the  large  venous  trunks  of  the  body  and  the 
right  auricular  and  ventricular  chambers  of  the  heart;  marked  bilateral 
pulmonary  edema;  marked  bilateral  disseminated  bronchopneumonia; 
marked  catarrhal  tracheobronchitis;  slight  hyperplasia  of  the  tracheo- 
bronchial lymph-nodes  and  of  the  spleen;  marked  edema  of  the  brain; 
marked  postmortem  lividity  of  the  entire  dependent  portion  of  the  body 
and  of  the  root  of  the  neck  and  lobes  of  the  ears;  coalescing  petechial 
hemorrhages  in  the  mucous  lining  of  the  greater  antrum  of  the  stomach, 
the  duodenum,  the  cecum,  and  rectum;  marked  cloudy  swelling  of  the 
kidneys  and  myocardium;  marked  fatty  changes  in  the  liver  and  myo- 
cardium;  slight  varicosity  of  the  superficial  veins  of  the  legs. 

In  the  microscopic  preparations  stained  with  sudan  III  fat  emboU 
are  found  in  the  lungs,  brain,  kidneys,  liver,  heart  muscle,  spleen, 
adrenals,  and  skin.  Photographs  of  some  of  these  microscopic  prepara- 
tions accompany  this  article. 

The  purpose  of  this  detailed  description  of  necropsy  observations 
and  technic  is  not  only  to  inTpress  the  fact  that  fat  embolism  is  in  some 
instances  a  fatal  complication  in  laparotomy,  but  also  to  outline  a 
technic  for  the  examination  of  dead  bodies  which  will  demonstrate 
pulmonary  fat  embolism  if  it  exists.  I  realize  I  am  presuming  that  men 
who  examine  dead  bodies  do  not  know  how  to  demonstrate  fat  embolism 
at  the  necropsy  table.  This,  of  course,  is  not  fair  to  many  pathologists, 
yet  the  fact  remains  that  fat  embolism  is  rarely  suspected  clinically  or 
searched  for  anatomically  unless,  perhaps,  in  instances  of  persons  dying 
with  broken  bones. 
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Cass  2  (170641). — A  married  woman,  forty-one  years  of  age,  entered 
the  Mayo  Clinic  on  August  26,  1916,  in  the  service  of  Dr.  W.  A.  Plum- 
mer.  There  were  no  details  in  her  family,  personal,  or  menstrual  history 
bearing  on  her  complaint  of  right  upper  abdominal,  cramp-like  pain. 
She  stated  that  since  the  birth  of  her  seven-year-old  child  she  had  suffered 
occasional  attacks  of  this  abdominal  pain  which  necessitated  the  use  of 
morphin.  The  spasms  of  pain  were  of  sudden  onset,  usually  lasting 
one-half  to  two  hours,  and  never  followed  by  jaundice.  In  all  she  had 
suffered  five  attacks,  the  last  one  occurring  two  weeks  previous  to  this 
examination.  The  pains  were 
never  associated  with  eating. 
They' always  radiated  to  the 
ri^t  shoulder-blade.  She 
could  not  recall  that  she  had 
had  fever  with  these  pains.  In 
addition  she  called  attention 
to  a  nodule  in  the  right  breast 
which  had  been  growing  since 
^ring. 

On  physical  examination 
she  was  found  to  be  a  rather 
stout,  little  woman,  weighing 
165  pounds.  Her  general 
health  was  apparently  excel- 
lent. A  palpable  nodular  and 
cystic  condition  was  present 
in  both  breasts,  and  there  was 
distinct  tenderness  over  the 
gallbladder  area.  There  were 
no  axillary  enlargements.  Ex- 
amination of  the  urine  re- 
vealed nothing  abnormal.  The 
blood  contained  85  per  cent 
hemoglobin,  and  the  systolic 
blood-pressure  was  130  mm. 
mercury;  diastolic,  78  mm. 
Roentgenographic  examina- 
tion <rf  the  kidneys,  ureters,  and  bladder  did  not  reveal  abnormalities. 
A  clinical  diagnosis  of  bilateral  fibrocystic  mastitis  and  cholelithiasis 
was  made. 

August  30th.  four  days  after  admi.ssion,  Dr.  C.  H.  Mayo  enu- 
cleated both  breasts  by  the  conservative  Warren  operation,  preserving 
the  slyn  and  nipples.  Under  the  same  ether  anesthesia  he  removed  a 
thick-waited  gallbladder  filled  with  stones.  The  entire  operation  con- 
sumed but  eighty  minutes.  Recovery  from  the  anesthetic  was  normal. 
Within  twenty-four  hours  the  pulse-rate  rose  to  ISO  per  minute  and  the 
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temperature  rose  from  97.6  F.  to  101  F.;  some  dyspnea  and  slight 
cyanosis  developed,  and  the  patient  became  stuporous.  During  the 
third  day  the  cyanosis  increased  and  delirium  followed.  Before  death 
the  temperature  rose  to  103.4  F.,  and  the  pulse-rate  to  1S6  per  minute. 
The  clinical  cause  of  death  was  given  as  surgical  shock  (Chart  S). 

Clinically,  this  death  resemliled  both  surgical  shock  and  fat  embo- 
lism. The  rapid,  running,  easily  obliterated  pulse  resembled  shock. 
The  dyspnea,  cyanosis,  delirium,  and  fever  resembled  fat  embolism. 
Dyspnea,  cyanosis,  and  delirium,  however,  are  noted  also  in  sut^cal 
shock. 

The  necropsy  was  conducted  four  and  one-half  hours  postmortem, 
in  the  manner  outlined  in  the  first  case. 

Analomic  diagnosis. — Recently  made  surgically  repaired  and  drained 
wounds  inferolateral  to  each  breast  and  in  the  right  rectus  muscle; 
absence  of  both  breasts  and  the  gallbladder;  moderate  obesity;  mod- 
erate bilateral  disseminated  fat  embolism;  fat-droplets  in  the  blood 
expressed  from  fresh  cuts  of  lung  lobes;  fat-droplets  in  the  fluid  material 
in  either  pleural  cavity,  in  the  tracheobronchial  secretions,  in  the  unne, 
and  in  the  blood-clots  of  the  right  auricle;  disseminated  petechial 
hemorrhages  throughout  the  lining  of  the  small  bowel  and  in  the  lining 
of  the  greater  antrum  of  the  stomach;  petechial  hemorrhages  in  the 
mucous  lining  of  the  pelvis  of  the  left  kidney  and  in  the  visceral  pleura 
of  both  lungs,  throughout  the  peritoneum  generally,  in  the  trachea  and 
main  bronchi,  and  disseminated  throughout  the  visceral  pericardium 
and  the  capsule  of  the  liver;  marked  fatty  changes  in  the  liver;  corset 
deformity  of  the  liver  and  kidneys;  slight  bilateral  hemohydrothorax; 
slight  amount  of  fluid  and  clotted  blood  in  the  dependent  portions  of 
the  peritoneal  cavity;  remarkable  increase  in  body  heat;  moderate  gas 
distentionof  the  small  bowel;  mucohemotracheobronchitis;  marked  en- 
gorgement of  all  the  large  veins  of  the  body  and  of  the  chambers  of 
the  right  side  of  the  heart;  marked  general  visceroptosis;  atrophic 
strife  gravidarum  of  the  skin  of  the  abdomen  and  thighs. 

Case:  S  (1716S1). — The  last  case  report  is  of  a  woman  fifty-six  years 
of  age,  entering  the  Mayo  Clinic  on  September  6,  1916,  in  the  service  of 
Dr.  Logan.  She  complained  of  a  tumor  mass  in  the  left  breast  which 
bad  been  present  for  three  years,  accompanied  for  two  years  by  a  swell- 
ing in  the  left  axilla.  Her  disorder  was  obviously  a  carcinoma  of  the 
breast  with  axillary  glandular  metastases.  Physical  examination  re- 
vealed no  contraindications  to  operation.  She  weighed  160  pounds, 
which  was  her  normal  weight,  and  there  was  no  evidence  of  distant 
metastases  of  the  cancer. 

On  September  9,  1916,  Dr.  Beckman  removed  the  left  breast  apd  ax- 
illary glands  by  Halsted  amputation.  The  operation  consumed  seventy- 
five  minutes.  The  patient  recovered  from  the  ether  anesthetic  very 
promptly  and  her  pulse  was  of  good  quality.     Very  soon,  however,  the 
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pulae  rate  increaaed  rapidly  and  the  temperature  fell  below  normal.  In 
spite  of  vigorous  stimulation  and  application  of  external  heat,  the  temper- 
ature continued  subnormal  and  the  pulse  was  very  rapid,  irregular  and  dif- 
ficult to  coimt.  There  was  no  evidence  of  hemorrhage.  This  condition 
endured  for  ten  hours  before  death. 
The  clinical  cause  of  death  was 
given  as  surgical  shock  (Chart  3). 

At  necropsy  the  following  note- 
worthy gross  lesions  were  ob- 
served: 

Anatomic  diagnosia. — Large, 
recently  made,  surgically  incised, 
repaired,  and  drained  wound  of 
the  left  breast  and  axilla;  absence 
of  the  left  breast  and  the  left  axil- 
lary lymph-nodes;  slight  surgical 
trauma  to  the  left  axillary  vein; 
moderate  bilateral  disseminated 
pulmonary  fat  embolism ;  moder- 
ate bilateral  hypostatic  hyperemia 
andedema  of  the  lungs;  moderate 
bilateral  hydrothorax;  petechial 
hemorrhages  in  the  mesentery  of 
the  small  bowel  and  in  the  capsule 
of  the  spleen;  pin-head- sized  pe- 
techial hemorrhages  in  the  skin; 
moderate  obesity;  left  apical 
fibrous  adhesive  pleuritis;  moder- 
ate general  anemia;  marked  en- 
gor^ment  of  all  the  large  venous 
trunks  of  the  body;  slight  chronic 
diffuse  nephritis — slight  second- 
ary contraction  of  the  kidneys; 
marked  cloudy  swelling  of  the 
liver  and  kidneys;  varicosed  veins 
of  the  legs. 
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In  considering  the  two  deaths 
following     breast     amputations 

clinically  supposed  to  be  due  to  surgical  shock,  I  would  refer  the  reader 
to  the  masterly  writings  on  fat  embolism  published  thirty-three  years 
ago  by  Dr.  Roswell  Park.     Dr.  Park  writes  as  follows; 

"During  the  past  winter  I  was  present  at  an  operation  for  the 
removal   of   a   cancerous   breast   from   an   extremely   fleshy   woman. 
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Tlie  operation  was  made  by  one  well  qualified  to  undertake  it,  and 
passed  off  without  anything  unusual  transpiring,  except,  perhaps,  that 
it  was  somewhat  prolonged.  The  gland  was  embedded  in  adipose 
tissue,  and  I  noted  both  that  venous  oozing  was  free  and  that  the  fatty 
tissue  crumbled  readily  under  the  sponge,  and  even  seemed  to  melt 
down.  The  operation  was  begun  about  half-past  ten.  The  lady  never 
became  completely  conscious,  and  died  comatose  about  five  o'clock, 
with  nearly  every  symptom  that  I  have  detailed  above.'  I  am  weU 
aware  that  in  this  case  the  trouble  may  be  ascribed  to  the  anesthetic, 
and  with  some  reason;  and  yet,  all  things  considered,  I  hold  that  the 
case  can  be  properly  classed  as  fatal  from  fat  embolism.  Unfortunately, 
autopsy,  which  might  have  cleared  this  all  up,  was  denied." 

In  concludmg  this  article  Dr.  Park  said: 

"  1.  Fat  embolism  in  varying  degrees  of  severity  is  not  an  uncommon 
complication  of  surgical  accidents  and  operations. 

"  2.  It  may  be  so  mild  as  to  be  lost  sight  of  in  the  general  condition  of 
shock,  or,  perhaps,  more  properly  speaking,  it  it  one  /actor  of  a  eondiiion 
of  prolonged  shock. \ 

"  S.  Our  knowledge  of  the  subject  will  be  greatly  increased  when  we 
appreciate  the  possibilities  of  its  occurrence  and  observe  our  cases  more 
closely,  watching  for  the  ap[>earance  of  fat  in  the  urine,  of  slight  dyspnea, 
etc. 

"  4.  When  prostration  and  loss  of  blood  have  been  great,  a  moderate 
amount  of  embolic  disturbance  of  this  kind  may  serve  to  turn  the  scales 
against  a  patient  who  would  have  otherwise  recovered. 

"5.  By  a  proper  understanding  of  this  subject  certain  deaths  may 
be  explained  which  otherwise  seem  inexplicable. 

"  6.  Treatment  can  only  be  symptomatic,  but  may  accomplish  some- 
thing. 

"  7.  Autopsies  should  be  so  conducted  as  to  reveal  this  condition  when 
present.^  " 

Among  more  recent  and  noteworthy  physiologic  investigations 
concerning  the  influence  of  vasomotor  mechanism  in  producing  a  con- 
dition of  surgical  shock,  an  article  by  Dr.  Mann  is  most  interesting. 
By  experimentation  on  dogs  he  concludes: 

"The  clinical  signs  of  shock  which  appear  after  section  of  the  abdomen 
and  exposure  of  the  viscera  are  due  to  a  loss  of  circulatory  fluid.  This 
loss  of  fluid  is  not  dependent  upon  any  primary  impairment  of  the 

*  The  Bymptoma  detailed  were:  Early  pallor;  somnolence;  graduall/  increasing 
reapirstocy  rate;  iocreasiog dyspnea;  veak, rapid, irregularpube;  subnonna]  temp^ratufe 
at  first,  but  atypical;  delirium  and  coma. 
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medullary  vasomotor  center  and  takes  place  at  a  point  beyond  the 
control  of  the  vasomotor  mechanism.  The  causes  for  this  loss  of  fluid 
are  apparently  the  same  as  those  which  determine  the  accumulation  of 
fluid  in  any  other  irritated  area  and  produce  the  signs  of  inflammation. 
The  nervous  system  probably  playa  no  greater  part  in  the  former  case 
than  in  the  latter.  The  condition  is  made  grave  when  the  viscera  are 
exposed  because  of  the  great  vascularity  of  the  tissues  involved." 

Maim's  conclusion  that  the  conditions  brin^g  about  shock  are 
beyond  control  of  the  vasomotor  mechanism  is  indeed  gratifying. 

Published  with  this  article  there  are  addenda  by  Bloodgood  which 
concern  his  critical  review  of  a  paper  by  ,Mann  pubhshed  a  year  pre- 
viously. Bk)odgood's  criticism  is  of  Mann's  statement  that  it  is  im- 
possible to  reduce  the  anesthetized  animal  to  a  state  of  shock  by  any 
degree  of  sensory  stimulation,  providing  all  hemorrhage  is  prevented  atvl 
the  abdomen  not  opened.     Bloodgood's  criticism  is  as  follows: 

"In  my  experience  with  operative  surgery  under  general  anesthesia 
in  which  the  condition  of  the  patient  has  been  most  carefully  recorded 
and  the  blood-pressure  changes  estimated  during  the  entire  operation, 
I  have  observed  extreme  degrees  of  shock  in  o[>erations  other  than  on 
the  abdomen,  even  though  there  had  been  no  hemorrhage;  for  example, 
during  operation  for  old,  badly  united  fractures  of  the  shaft  of  the 
femur.  In  these  cases  the  only  factors  which  could  have  produced 
shock  were  the  painful  stripping  of  the  i>eriosteum  and  the  extreme 
extension  of  the  limb." 

He  later  adds: 

"  Among  my  records  there  is  an  anesthetic  chart  which  portrays  an 
extreme  degree  of  shock  apparently  due  to  an  overdose  of  ether  only; 
then  a  second  chart  recorded  during  a  shoulder-girdle  amputation  in 
which  there  was  practically  no  hemorrhage.  The  only  etiologic  factors 
for  the  shock  were  ether  anesthesia  and  trauma." 

The  reason  for  citing  Park's  case  is  to  express  the  opinion  of  a  leading 
surgeon  of  a  former  time  and  to  compare  it  with  that  of  a  leader  in 
present-day  surgery.  Had  cases  been  traded  about.  Park  would  have 
had  every  reason  to  consider  Bloodgood's  cases  as  instances  of  fat  embol- 
ism and,  on  the  other  hand.  Park's  case  might  well  have  been  an 
instance  of  surgical  shock  in  Bloodgood's  judgment.  The  real  difference 
in  judgment,  however,  is  a  fundamental  one.  The  diagnosis  of  fat 
embolism,  clinically,  is  based  on  observations  of  phenomena  produced 
by  distinct,  unmistakable  lesions  grossly  demonstrable  at  necropsy. 
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while  the  clinical  diagnosis  of  shock  is  based  on  observations  of  signs 
and  symptoms  exactly  duplicated  in  pulmonary  fat  embolism,  but,  so 
far  as  I  am  aware,  not  satisfactorily  explained  in  the  examination  of 
dead  bodies  unless  hemorrhage  or  pulmonary /at  embolism  is  found. 

The  instances  of  surgical  shock  cited  by  Dr.  Bloodgood  can  be 
classified  with  pulmonary  fat  embolism  and  withstand  the  test  of  most 
severe  clinical  criticism.  It  is  to  be  remembered  that  operations  on  old 
ununited  fractures  and  amputations  generally  are  exciting  causes  of  fat 
embolism. 

Since  the  foregoing  has  been  written  Porter  has  published  a  note 
concerning  fat  embolism  as  a  cause  of 
shock.  Histhirdconclusionreads:"Fat 
in  the  blood-stream  is  known  not  to  be 
injurious  per  se;  its  injurious  effects  are 
V  the  products  of  fat  embolism. " 
^  This  conclusion  can  be  contested,  at 

least  until  we  know  that  the  increased 
viscosity  of  lipemic  blood  is  not  a  factor 
in  the  retention  of  large  amounts  of  fat 
in  lung  capillaries  and  in  the  venous  cir- 
cuit generally.  Porter  does  not  distin- 
guish between  pulmonary  fat  embolism 
and  disseminated  fat  embolism.  He 
offers  no  explanation  of  the  mechanism 
,  of  surgical  shock  as  caused  by  fat  em- 

f^  llO.—DiinnmiuUc  ilutch  d  (bt         knH>ini 
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blood-stream,  the  peculiarities  of  fat  or 
metabolism,  if  there  are  any,  which  render  fat  more  easily  liqueBed  to 
enter  the  blood-stream,  the  relative  proportion  of  fat  in  the  circulating 
arterial  and  venous  blood,  the  viscosity  of  circulating  lipemic  blood  and  the 
influence  of  ether  anesthesia  on  pulmonary  fat  embolism  are  some  of  the 
more  important  problems  to  be  undertaken  to  clarify  our  understanding 
of  this  manner  of  death  and  to  point  the  way  to  rational  treatment. 

However  extensive  and  varied  our  investigations  may  be,  there  are 
certain  very  simple  and  trustworthy  clinical  data  which  demand  con- 
sideration. The  frequency  of  post- operative  surgical  shock  in  obeae 
persons  as  compared  to  its  occurrence  in  the  emaciated  or  only  mod- 
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erately  well  nourished  is  one  of  these  heretofore  unexplained,  yet 
unmistakable,  clinical  observations. 

From,  his  wide  experience  Dr.  W.  J.  Mayo  so  firmly  believes  perfect 
hemosta^is  to  be  the  positive  prophylaxis  against  surgical  shock  that  he 
frequently  criticizes  the  now  common  notions  of  this  clinical  complex 
and  insists  that  with  perfect  hemostasis  there  is  no  shock. 

In  this  connection  another  simple  observation  may  be  cited.  In 
operations  in  subcutaneous  fat,  such  as  the  umbilical  herniotomy  and  the 

/  V 
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breast  amputations  here  reported,  it  is  the  common  practice  for  surgeons 
to  ligate  the  peripheral  or  bleeding  ends  of  severed  veins  and  leave 
unligated  the  central  ends  which  ooze  but  little  blood.  With  the  pres- 
sure incident  to  wound  retraction  temporary  hemostasis  is  made  on  the 
central  ends  and  the  possibility  of  their  opening  after  closure  of  the 
wound  is  overlooked  because  experience  has  taught  the  surgeon  that 
only  the  peripheral  end  of  these  severed  subcutaneous  veins  is  likely  to 
bleed.  In  all  of  these  wounds  a  pool  of  blood-serum  and  oil  globules 
accumulates  after  wound  closure.     It  seems  reasonable   to   presume 
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that  the  gaping  mouths  of  cut  veins  in  such  wounds  may  receive  even 
large  quantities  of  oily  material  which  is  conveyed  to  the  lungs  through 
the  venous  circulation  (Figs.  170,  171,  and  172). 

EXPBB  [U  ENTAL 

I  have  repeated  the  viscosity  experiments  devised  by  Gauss  and 
have  obtained  results  entirely  similar  to  his.  In  addition,  it  is  notice- 
able that  if  the  dispersion  of  the  oil  globules  is  sufficiently  great  (the 
emulsion  su£Gciently  fine),  the  viscosity  of  the  vehicle  is  not  only  not 
increased,  but  in  some  instances  the  emul^on  even  seems  to  be  less 
viscid  than  the  vehicle  alone.  This  is  true  for  normal  salt  solution, 
ascites  fluid,  human  blood-serum,  and  citrated  blood. 

Many  animals  have  been  injected  intravenously  with  neutral  olive 
oil  and  the  effects  on  circulation  recorded.  These  experiments  have 
been  conducted  as  Warthin  conducted  them  and  similar  results  have 
been  obtained. 

It  is  so  obviously  true  that  oil  introduced  into  the  venous  circulation 
causes  a  marked  rise  in  venous  pressure  and  an  associated  fall  in  arterial 
pressure  that  our  attention  should  now  turn  to  the  mechanism  of  these 
alterations.  It  is  to  be  expected  that  with  fall  in  arterial  pressure  and 
rise  in  venous  pressure  there  is  a  marked  decrease  in  perfusion  rate  of 
the  lung.  Experiments  designed  to  measure  the  perfusion  rate  in  lungs 
infarcted  with  fat  are  now  in  progress. 

Conclusions 

1.  Deaths  clinically  supposed  to  be  due  to  surgical  shock  are  due, 
in  so  far  as  this  experience  goes,  to  pulmonary  fat  embolism  and  its 
attendant  blood-pressure  phenomena. 

2.  Pulmonary  fat  embolism  causes  a  lowering  of  arterial  blood- 
pressure  and  an  elevation  of  venous  blood-pressure  which  may  be 
sufficient  to  cause  death. 

3.  Infusions  (intravenous)  are  contraindicated,  because  of  the  in- 
creased pressure  on  the  right  heart. 

4.  By  simple  methods  pulmonary  fat  embolism  is  easily  demonstrated 
at  necropsy. 
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A  CLINICaPATHOLOGIC  STUDY  OF  AN  UNUSUAL 
CUTANEOUS  NEOPLASM  COMBINING  N.EVUS 
SYRINGADENOMATOSUS  PAPILLIFERUS  AND  A 
GRANULOMA* 

J.'  H.    STOKES 


The  case  which  forms  the  material  for  the  present  study  was  referred 
to  my  service  for  the  diagnosis  of  a  solitary  fungous  lesion  on  the  inner 
aspect  of  the  left  thigh.  The  pathologic  findings  disclosed,  to  my  sur- 
prise, a  neoplasm  the  identity  of  which  was  only  partially  suspected  from 
clinical  criteria  and  which  was  of  unusual  interest  from  the  standpoint 
of  cutaneous  pathology. 

Report  of  a  Case 
The  patient  was  an  Italian  woman,  aged  twenty-four  years,  in  fair 
health.  General  examination  disclosed  nothing  of  note  other  than 
debility  incident  to  constipation,  too  frequent  pregnancies,  and  overwork. 
The  woman  was  hysterical,  refractory,  and  unobserving,  and  could  not 
be  persuaded  to  remain  for  a  complete  study.  A  rather  incomplete 
history  was  obtained  through  an  interpreter.  Apparently  the  lesion 
had  been  present,  in  the  condition  in  which  it  came  under  our  observa- 
tion, for  twelve  years,  but  it  had  undergone  partial  regression  on  several 
occasions,  when  kept  clean  or  under  medical  care.  It  consisted,  as 
shown  in  Fig.  173,  of  two  papillomatous,  cauliflower-like  masses  of  hyper- 
trophic granulations  on  the  inner  anterior  aspect  of  the  upper  third  of 
the  left  thigh.  It  was  covered  with  fetid  pus  and  greenish-yellow  crusts, 
and  bled  readily  on  slight  trauma,  but  was  not  extremely  sensitive. 
Downward  and  inward  from  the  main  mass,  which  was  about  S  cm.  wide 
and  about  5  cm.  long  and  1  cm.  high,  were  several  smaller  nodules  either 
slightly  papillomatous  or  smooth,  rounded,  and  of  a  bluish  color, 
Grumous  material,  blood,  and  pus  could  be  squeezed  from  any  portion 
of  the  condylomatous  mass,  and  this  circumstance  considerably  heigh- 
tened its  resemblance  to  blastomycosis.  The  chief  clue  to  the  nevoid 
character  of  the  lesion  was  found  in  a  patch  of  linear  hypertrichosis 
extending  downward  and  outward  from  the  smaller  of  the  two  vegetating 
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masses.  There  were  no  palpable  glands  in  the  groin,  and  no  signs  o[ 
cutaneous  metastasis  above  the  lesions.  The  patient  stated  that  the 
bluish  nodules  at  the  lower  margin  of  the  vegetation  had  been  present 
for  some  time,  and  that  the  original  lesion  from  which  the  hypertrophic 
lesions  bad  developed  had  been  of  the  same  type. 

Pending  the  outcome  of  biopsy,  permanganate  wet  dressings  some- 
what reduced  the  larger  mass  and  controlled  some  of  the  infection.  A 
radical  excision  of  the  whole  mass  was  then  done,  including  the  removal 
of  the  inactive  (hairy)  portion  of  the  nevus.  The  subcutaneous  fat  was 
not  involved,  and  there  was  no  appreciable  infiltration  of  the  deeper 
structures,  the  lesion  being  confined  to  the  cutis.  At  one  point  a  cyst 
in  the  deeper  portion  of  one  of  the  nodules  was  ruptured,  dis<^arging  a 
grumous,  brownish  fluid.  Microscopic  examination  of  the  pus  failed  to 
disclose  any  traces  of  blastomyces.  The  pathologic  examination,  how- 
ever, identified  it  as  an  apparently  benign  adenoma  of  the  sweat-^ands, 
on  which  was  superimposed  a  plasmoma,  conforming  in  many  respects 
to  the  pathologic  picture  of  pyogenic  granuloma  and  vegetative  der- 
matitis. 

Patholoqt 

The  description  of  the  pathology  may  be  divided  profitably  into  two 
parts — that  of  the  adenoma  and  that  of  the  granulonmtous  stroma. 

The  structure  of  the  adenoma  was  seen  to  the  best  advantage  in 
simple  form  in  one  of  the  smaller  bluish  nodules.  A  parakeratotic  and 
sodden  epidermis  with  well-marked  acanthosis  at  the  margins  of  the 
nodule  was  pierced  by  short,  parallel  ducts,  at  the  mouths  of  some  of 
which  the  transition  from  squamous  to  cuboid  and  cylindric  epithelium 
could  be  observed.  The  ducts  dilated  below  the  orifices,  forming  bottle- 
shaped  sacs  into  the  lumina  of  which  papilliferous  projections  had  been 
pushed.  There  were  no  signs  of  abscess  formation  either  in  the  epidermis 
or  the  cutis.  In  the  walls  of  some  of  the  cystic  glands  the  transition  from 
the  epidermal  to  the  glandular  type  of  epithelium  was  not  complete  until 
the  deeper  portions  of  the  sac  were  reached,  and  strands  of  squamous 
epithelium  formed  a  retiform  network  across  the  smaller  spaces,  spring- 
ing evidently  from  the  same  groups  of  cells  from  which  patches  of  cylin- 
dric and  cuboid  glandular  epithelium  arose.  The  cylindric  epithelium 
of  the  duct^  and  sacs  formed  a  single,  but  more  often  a  double,  layer  of 
cells,  the  outer  being  columnar,  the  inner  cuboid,  and  resting  on  a 
fibrillar  structure  of  connective  tissue  in  the  cutis  (basement  mem- 
brane). At  no  point  could  any  signs  of  a  tendency  of  glandular  cells  to 
leave  the  basement  membrane  for  the  cutis  be  observed,  the  structure 
of  the  glandular  portion  adhering  strictly  to  that  of  an  adenoma. 

At  the  margin  of  one  of  the  smaller  lesions  a  distinct  picture  of  basal- 
cell  extension  downward  into  the  cutis  was  observed  in  the  form  of  cords 
and  strands  slightly  suggestive  of  epitheliomatoua  prohferation.  Cell- 
rests,  oval  or  irregular  in  contour,  were  recognized,  forming  solid  masses. 
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some  of  which  showed  signs  of  central  degeneration  or  tubular  structure. 
These  presumably  primitive  tubules  contained  granular  material.  In 
close  association  with  them  were  groups  of  typical  and  atypical  coil-ducts 
lined  with  epithelium,  either  normal  or  of  various  thicknesses.  Ducts 
showing  ali  degrees  of  cystic  dilatation  were  observed.     The  cutis  in  the 


Fig.  1T4.— SagilUil  Kcl»I 


smaller  lesions  showed  signs  of  a  mild  inflammatory  reaction  about  the 
capillary  rete,  with  some  invasion  of  the  cutis  by  lymphocytes  and 
occasional  small  groups  of  plasma-cells.  A.  slight  increase  in  the  num- 
ber of  mast  cells  in  the  small  lesions  heralded  the  very  great  increase 
observed  in  the  large  vegetation.     Hyperpigmentation  was  marked  at 
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the  periphery'  of  one  of  the  nodules.  Hair  and  sebaceous  glands,  as 
such,  seemed  to  be  entirely 
absent  in  the  nodules  and  in 
the  main  mass,  and  the  struc- 
ture of  the  gland-ducts  was 
so  obviously  of  the  sudorip- 
arous type  as  scarcely  to 
admit  of  doubt  as  to  their 
identity. 

In  the  large,  vegetative 
lesions  the  picture  descril>ed 
for  the  smaller  nodule  was  in- 
tensified in  every  particular 
except  that  at  the  margin  no 
sign  of  a  down-growth  of  basal 
cells  from  the  epidermis  was 
observed.  In  the  deeper  por- 
tions of  the  cutis,  beneath  the 
vegetation,  however,  there 
were  again  occasional  solid 
cords  of  cells  scattered  among 
typical  and  atypical  coil- 
,.-.Fi«,  m-s«,«nf™n,.hj:«ip.o[ih,pi«a.on...ho..  ducts  (Figs.  175  and  176), 
briwwD  solid  ™rdj  »nd  i«[™i  diicK  Some  of    thesc  showed    the 

transitions  and  cystic  de- 
generation and  dilatations,  with  granular  detritus,  recognized  in  the 
sections'of  the  nodules.     Remarkable  pictures  of  papilliferous  outgrowths 


1,   irs.— TranHlion, 
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from  the  single  layer  of  epithelium  lining  these  cystic  ducts  were  observed 
(Fig.  177). 

The  metaplasia  of  epithelium  observed  in  these  sections  was  one  of 
the  most  interestingfeatures, 
and  well  illustrated  the  va- 
ried developmental  possibili- 
ties of  the  basal  epidermal 
cell,  originating  from  em- 
bryonic ectoderm.  At  the 
mouths  of  the  ducts  were 
typical  squamous  cells,  in 
some  cases  extending  far 
down  into  the  interior  on 
one  side,  and  on  the  other 
being  quickly  replaced  by  a 
single  layer  of  cuboid  cells, 
and  again  in  turn  by  two 
layers  (Figs.  178  and  179), 
the  inner  oblong  or  cuboid, 
the  outer  showing  all  grada- 
tions from  short,  thick,  cylin- 
dric  to  a  tall,  closely  crowded 
columnar  epithelium.  Epi- 
thelium of  this  latter  type 
was  in  places  scarcely  to  be 

|.    ..  .    I      J    p  .1      ■        r  Fiir,  17S. — Sn-tion  from  larjFc muH.    AdeDOIdMtouiff^iHlu- 

dlStingUlShed    from    that    of        l.rstruFturc;  outrrl.vHolfp'thrimm.cdumn.^idnfrliyrr. 

the   trachea,  except  for  its      ;i;iSid.'""  '  """'""  "*  ""  "'"""'"'  ""  "" 
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lack  of  cilia.  Certain  of  the 
groups  of  tall,  cylindric  cells, 
on  superficial  observation, 
even  seemed  to  be  ciliated, 
but  careful  comparison  of 
various  parts  of-  the  lesion 
has  convinced  me  that  the 
appearance  is  an  artefact, 
due  to  a  deeper  staining  of 
the  outer  edges.  Some  of 
the  sacculations  from  the 
main  duct  showed  trabec- 
ulas  of  rhombohedral  cells 
springing  from  the  same  cu- 
boid base  as  the  tall  cylin- 
dric types.  All  stages  of 
transition  from  coil-ducts 
and  solid  cords  in  the  deeper 
portions  of  the  cutis,  to  the 
adenomatous  sacculationsof 
the  upper  cutis,  could  be 
recognized. 

The  granuloma  responsible  for  the  tremendous  vegetative  hyper- 
trophy of  the  larger  lesions  is 
of  exceptional  interest.  In 
the  gross,  as  previously  re- 
marked, it  suggested  a  vege- 
tative dermatitis  or  blasto- 
raycosis.  In  the  sections  no 
signs  of  epithelial  abscesses 
were  apparent  and  the 
changes  in  Ihe  epidermis  as  a 
whole  were  merely  those  of  a 
fairly  marked  acanthosis.  No 
organisms  were  demonstra- 
ble. At  the  periphery  of  the 
vegetating  lesions  there  was 
considerable  lengthening  of 
the  rete  pegs,  but  the  changes 
in  the  corium  were  slight.  Be- 
neath the  vegetation  the  en- 
tire upper  portion  of  the  cor- 
ium was  transformed  into  a 
granuloma,  surmounted  by  a 

spongy,  lobulated   mass   con-  Fig.  ISO.-Rcrtion  fn>m  >  nodute  ihwin^i  cril  induBou 

sisting  of  innumerable  newty     right'fm^'ih;  i^p^'^hl=*d  «««'^™''  *"™^  *"  '^ 
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formed  capillaries  and  blood  sinuses,  in  a  stroma  composed  of  a  thin, 
fibroblastic  reticulum,  the  meshes  of  which  were  packed  with  lympho- 
cytes, plasma  cells,  and  mast  cells,  with  a  few  polymorphonuclears  and 


Fig.  181.— Recinn  rnim  tbi  largr  ina»  illuilraling  tbt  dcot  uwrUlion  ol  glaodulsr  'Jth  fpilfaclu]  byprrpLuia. 


il  IP  epitbrlut  nil  Inclumn  inio  a  iliuitlu: 
id  tbc  lumni  ia  GUnl  wilb  ttuiiitiiniari>-p« 


eosinophilea.  The  increase  in  basophihc  cells  approximating  the  mast- 
cell  type  is  well  shown  in  Fig.  183.  Most  of  these  cells  were  of  the 
smaller,  more  compact,  densely  staining  type,  seen,  for  example,  in  the 
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infiltrations  of  urticaria  pigmentosa  in  cases  in  which  these  cells  are 
present,  and  in  mycosis  fungoides. 


Fid.  IM,— Kibrotii  in  the  uranutaniHtaui  ilnHna.     Mnny  nrwiy  fornifd  lilnod-vnurh. 

Discussion 
The  differential  diagnosis  of  the  neoplasm  clinically  involves  the 
possibilities  already  mentioned,  and  could  not  be  regarded  as  satisfac- 
torily established  without  microscopic  study.     No  infectious  agent  other 
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than  pus  organisms  could 

be   identified.     Not   only 

were    i[>lastomycetes     not 

found  in  the  tissue,  but  the 

pathology  also  efTectually 

excluded  this  possibility. 
A     rich     controversial 

literature    has    developed 

about  that  group  of  cuta- 
neous neoplasms  associated 

with    embryonal    rests   of 

epithelium    in    the    cutis 

which    range    in    type   of 

lesion     from     basal -eel  led 

epithelioma  to  the  benign 

sudoriparous  and  sebaceous 

adenomas.      The    miliary 

or    disseminated    type    of  Ki,.  iM.-iii>«i™.in,  .h,  .wuUrity  .j  th,  ,1™... 

syringoma  of  the  conven- 
tional text-book  description  (acanthoma  of  Cnna)  has  been  admirably 
delineated  for  the  American 
literature  by  the  studies  of 
White.  Ormsby,  and  Sutton 
and  Dennie.  The  type  rep- 
resented by  my  case  is  evi- 
dently rare,  and  the  com- 
bination with  a  plasmoma  is 
still  more  so.  In  fact,  no 
parallel  for  this  case  could 
be  found  in  the  American 
literature.  In  the  Conti- 
nental literature  the  papilli- 
ferous  adenomatous  struc- 
ture of  this  nevus  has  been 
best  exemplified  in  the 
cases  of  Petersen,  Wolters, 
Blaschko,  Hedinger,  Rothe, 
and,  most  recently,  in  that 

r«.i»-A.)rpi«i«piii^™th„t™n..  Noi.ti«.-ou,i.      ofWerther.    Elliot's  case  in 


ey  Google 


572  J.    H.    STOKES 

the  American  Titerature  bears  some  resemblaiice  to  mine,  but  was  regarded 
by  Elliot  as  an  adenoma  rather  than  an  adenomatous  nevus,  though  it 
developed  in  association  with  nsevus  unius  lateris.  It  lacks,  moreover, 
the  associated  granuloma.  Lesions  presenting  the  combination  of  nevus 
and  plasmoma  have  been  observed  by  Blaschko,  Schridde,  Boit,  von 
Weidt  (cited  by  Rothe),  and  by  Hedinger  and  Rothe  on  the  scalp. 
Rothe's  discussion  of  the  pathologic  findings  and  their  significance  is  the 
most  complete.  The  solitary  syringoma  recently  reported  by  Paul 
and  Adamson  b  inadequately  described  asd  illustrated,  so  that  it  is 
difficult  to  base  comparisons  on  it.  The  arguments  for  and  against  the 
nevoid  character  of  these  lesions,  as  distinguished  from  simple  adenoma 
of  the  sweat-glands,  are  summarized  by  Sutton. 

The  case  here  reported  is  of  peculiar  interest  in  that  apparently  the 
histogenesis  of  the  lesion  can  be  worked  out  with  unusual  completeness, 
including  its  origin  in  the  epithelial  strands  or  rests  in  the  cutis,  the  solid 
and  cystic  masses  among  the  coil-ducts,  and  the  sacculated,  adenoma- 
tous, papilliferous  glands  embedded  in  the  substance  of  the  plasmoma. 
In  effect,  this  case,  like  Werther's,  combines  the  less  definite  and  more 
fragmentary  findings  of  a  number  of  cases,  and  appears  to  substantiate 
the  most  widely  accepted  view  of  the  origin  of  this  type  of  nevus.  Since 
the  lesion  was  apparently  not  congenital,  it  must  be  conceded  that  the 
adenomatous  degeneration  occurred  in  later  life  as  an  incident  in  the 
"  life-history  of  the  nevus.  The  mere  fact  that  adenoma  developed  in 
later  life,  in  a  region  presumably  predisposed,  through  the  presence  of 
epithelial  cell  inclusions,  to  degenerative  and  neoplastic  changes  of  this 
type,  need  not,  from  the  broader  histogenetic  standpoint,  preclude  the 
use  of  the  term  "nsevus  syringadenomatosus."  The  presence  of  the 
cell-rests  already  referred  to,  the  duct-like  cords  and  cystic  degenerations 
in  solid  cellular  inclusions,  together  with  other  evidences  of  epithelial 
origin,  the  associated  linear  hypertrichosis,  and  the  presence  of  appar- 
ently normal  ducts  among  the  nevus  types  in  the  affected  region,  seem 
to  me  to  fully  justify  its  designation  as  a  nevus.  Werther  reached  the 
same  conclusion  in  his  case  on  the  basis  of  similar  findings. 

Epithelial  metaplasia,  as  already  remarked,  is  one  of  the  most  extra- 
ordinary features  of  the  sections,  ranging  from  the  basal-cell  type,  found 
in  the  solid  efiithelial  strands,  through  cuboid  forms  to  the  most  remark- 
able columnar  transformation  among  the  papillomatous  ducts.  A  care- 
ful study  of  the  hairy  portion  of  the  tissue  removed  was  made  with  a 
view  to  ascertaining  whether  any  evidence  of  association  of  the  neoplasm 
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with  the  pilosebaceous  system  could  be  made  out,  but  without  result. 
Normal  sweat-glands,  hair-follicles,  and  sebaceous  glands  were  recog- 
nized, but  no  definite  epithelial  inclusions.  Rothe  cites  Brauns  as 
having  recognized  such  an  association  in  one  case  which  apparently 
morphologically  was  none  the  less  of  the  sudoriparous  type.  It  is  note- 
worthy that  in  the  portion  of  the  cutis  in  which  the  lesions  arose  in  my 
case,  as  in  Rothe's,  hair  and  sebaceous  glands  seemed  to  be  absent. 

The  question  as  to  whether  a  malignant  degeneration  had  occurred 
is  of  clinical  interest.  One  general  pathologist  to  whom  the  sections 
were  shown  believed  the  lesions  to  be  sarcomatous,  a  judgment  which 
has  not  infrequently  been  passed  on  pyogenic  granulomas  and  which 
was  not  concurred  in  by  dermatologists  to  whom  the  sections  were 
submitted.  With  practical  certainty,  the  glandular  structure  was  that 
of  an  adenoma,  and  not  of  an  adenocarcinoma,  and  no  suspicious  newly 
formed  tubules  or  cords  of  cells  were  found  out  of  association  with  the 
sweat-glands  proper  or  in  other  parts  of  the  cutis.  Even  where  the 
proliferative  process  was  most  active,  no  signs  of  a  tendency  on  the  part 
of  the  glandular  epithelium  to  leave  the  basement  membrane  could  be 
discovered.  Werther's  case,  resembling  mine,  was  not  regarded  as 
malignant.  Hedinger,  however,  believed  his  case  to  have  become 
carcinomatous,  and  Rothe  could  not  fully  satisfy  himself  on  the  point. 
Another  consideration  justifying  doubt  in  these  cases  is  the  occasional 
well-known  difficulty  in  distinguishing  between  benign  and  malignant 
pictures  when  basal  cells  are  involved.  For  this  reason  radical  excision 
seemed  justified  in  the  present  case. 

The  numbers  of  plasma  cells  present  in  certain  portions  of  the  granu- 
loma seem  to  exceed  the  proportion  of  this  type  of  cell  found  in  the 
majority  of  pyogenic  granulomatous  lesions  (Wile);  Rothe  also  noticed 
the  unusual  numbers  of  plasma  cells  in  the  lesion  which  he  observed  on 
the  scalp.  He  suggested  that  something  in  the  composition  of  the 
granular  detritus  or  the  secretions  from  the  hypertrophied  tubules  acted 
as  a  chemotactic  agent.  The  present  case  afforded  no  opportunity  to 
study  thb  speculative  explanation  more  closely  or  to  offer  other  reasons 
for  the  presence  of  such  numbers  of  these  cells  in  the  stroma  of  the 
neoplasm. 

Conclusions 
The  case  here  presented  offers  the  extremely  rare  combination  of  a 
nevus  of  the  sudoriparous  glands,  with  a  highly  vascular  granuloma 
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containing  large  numbers  of  lymphocytes,  plasma  and  mast  cells,  in  a 
fibroblastic  stroma,  suggesting  in  many  ways  a  granuloma  pyqgenicum 
or  a  vegetating  dermatitis. 

All  stages  in  the  histogenesis  of  such  a  nevus,  according  to  the  con- 
ception of  origin  in  epithelial  rests  and  inclusions  (Cohnheim),  seemed 
to  be  represented  in  the  material  from  this  case.  While  no  frank  evi- 
dence of  the  malignant  nature  of  the  neoplasm  was  found,  the  difficulty 
of  distinguishing  with  certainty  between  the  anlagen  of  these  lesions  in 
the  cutis  and  malignant  changes  in  an  adenoma  of  this  type,  should  be 
home  in  mind  in  dealing  with  it  clinically,  and  radical  excision  or  large 
doses  of  roentgen  rays  given  preference  over  less  efficient  methods  of 
treatment. 

REFERENCES 

1.  Blaschko.  A.:  Dss  HidTocystonui  papUlifenini.     llniut  Festschrift,  1910.  Vol.  8. 

2.  Brauns,  T.i  EId  Fall  von  auagebreitetem  Schweiasdrtlsen-'Adeiioin  mit  CystcDbildung. 

Arch.  f.  Dennat.  u.  Syph.,  1905.  Ixiv.  347-3A9. 

3.  Elliot.  G.  T. :    Adeno-cy stoma  intracanalimlare  occurring  in  a,  hrvus  unius  lateris. 

Jour.  Cutan  Dis.,  1BS3,  xi.  168-1T3. 

4.  Hedinger,  E.:   Zur  Frage  des  Pliumocystonis  (GranuUtionsplasmocytom  in  Kom- 

bination  mit  einem  krebsig  umgewaadplten  SchwassdrUsen-Adenoni  dea  bchaarten 
KopfM).     Frankfurt  Ztscbr.  f.  Path..  IBll.  vii.  3*3-350. 

5.  Ormsby.O.S.:  Syringoma.    Jour.  Cutan.  Dis..  1910,  xx\-iii.  433-444. 

6.  Paul,  S.  N.,  and  Adamson,  H.  G.:  A  case  of  syringoma.     Brit.  Jour.  Dennat.,  1916, 

xxiiii.  106-109. 
T.  Petersen.  W.:   Ein  Fall  von  multiplen  KnHueldrUsengesehwulBten  unter  dem  Bilde 
eines  NHvus  verrucosus  unius  lateris.     Arch.  I.  Dermat.  u.  Syph..  1B92,  xxir,  919- 
930.     Cited  by  Hothc,  loc.  at. 

8.  Petersen,  W.:    Bdtrlige  lur  Kenntniss  der  SchweissdrUsen-Erkrankungen.     Anj). 

f.  Dennat.  u.  Syph.,  1893,  xxv.  441--4T9.    Cited  by  Rothe,  loc,  dt. 

9,  Rothe.  L.:    Ueber  einen  Fall  von  Nervua  syringocysladenomatuBua  (Hid rocry stoma 

papilliferum)  mit  Plaamom.     Arch.  f.  Dermat.  u.  Syph.,  1911.  cxiii.  Orig..  887-906. 

10.  Sutton,  R.  L.,  and  Dennie,  C.  C;    Possible  iuterrelBtionship  of  acanthoma  adenindea 

cysticum  (multiple  benign  cystic  epithelioma)  and  syringocystadeaania  (lymphan- 
gioma tuberosum  multiplex).    Jour.  Am.  Med.  Assn.,  1811,  Iviii.  333-336. 

11.  Sutton,  R.  L.:  Diseases  of  the  skin.     St.  Ixiuis,  Mosby.  19le,  p.  5\S. 

18,  KVrther;    Syringadenoma   papilliferum    (Nbpvus   syringadcnomatuaus   papillifeiua). 
Aifh.  f.  Dermat.  u.  Syph.,  1913,  cxvi.  Orig..  805-879. 

13.  White.  C.  J.:  Syringocy stoma.    Jour.  CuUn.  EHs.,  1907,  xxv,  49-flO, 

14.  Wile,  U.  J. :  Granuloma  pvogenicum.    Jour.  Cutan,  Dis.,  1910,  xxviii,  663-674. 


ey  Google 


EPITHELIOMA* 
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The  term  epithelioma,  as  the  name  implies,  is  a  tumor  composed  of 
epithelium  without  any  distinctioa  relative  to  clinical  malignancy  or 
benignancy.  If  such  specific  celb  as  those  lining  the  alimentary  tract 
and  comprising  the  sweat,  sebaceous,  buccal,  salivary,  and  mammary 
glands,  are  still  to  be  termed  epithelium  by  histologists,  then  all  so-called 
carcinomas  are  also  epitheliomas.  The  term  as  utilized  in  this  paper 
refers  only  to  tumors  of  the  epithelium  of  the  skin,  the  glandular  struc- 
tures which  are  a  part  of  it,  and  other  structurally  similar  tissues,  al- 
though the  subject  matter  does  not  include  such  benign  epitheliomas  as 
warts,  moles,  corns,  leukoplakias,  epithelial  horns,  etc. 

From  November  1,  1904.  to  January  1,  Iftlfl,  more  than  2000  malig- 
nant epitheliomas  were  removed  at  the  Mayo  Clinic.  The  regional 
distribution  comprises  practically  every  portion  of  the  human  body 
which  b  covered  by  protective  epithelium. 

Apparent  Tvpes 

Structurally,  the  following  apparent  types  are  found,  although  they 
are  probably  not  types,  but  the  results  of  variation  in  origin  and  cellular 
differentiation:  (1)  Squamous  cell  epithelioma;  (S)  melanoepithelioma; 
(3)  non-melauotic  melanoepithelioma;  (4)  basal-cell  epithelioma;  (5) 
adamantine  epithelioma,  or  adamantinoma;  and  (6)  mixed  epithelioma. 

Squunous-cell  epithelioma.^The  squamous-cell  epithelioma  derives 
its  name  from  the  fact  that  the  majority  of  its  cells  are  of  the  squamous 
variety.  Protoplasmic  processes  (spines  or  prickles)  are  often  seen 
connecting  the  cells,  hence  the  name  spinal  or  prickle-cell  epithelioma. 
This  type  has  a  wide  anatomic  distribution,  being  found  in  any  portion 
of  the  surface  of  the  body,  and  in  such  orifices  as  the  mouth,  nose,  anus, 
and  vagina.     It  is  also  found  in  the  urinary  tract,  and  it  occasionally 
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occurs  in  the  gallbladder  and  other  places  that  normally  contain  colum- 
nar epithelium  (Figs.  196,  215,  21fi}. 

Grossly,  the  squamous-cell  epitheliomas  present  marked  variations. 
They  may  be  elevated,  depressed,  flat,  papillary,  cauliflower-like, 
ulcerated,  smooth,  soft,  indurated,  whitish,  grayish,  yellowish,  or  red- 
dish. They  usually  start  in  leukoplakias,  cracks,  ulcers,  or  papillomas. 
The  papillary  form  is  frequently  found  in  the  urinary  bladder  (Figs. 
187-400). 

There  is  also  an  equal  variation  from  a  microscopic  standpoint. 
They  are  made  up  of  cells  of  various  shapes,  sizes,  and  degrees  of  differ- 
entiation (Figs.  418-243).  Some  show  a  marked  tendency  to  comify, 
especially  those  of  the  lip,  inside  of  the  cheek,  floor  of  the  mouth,  the 
tongue,  skin,  penis,  and  vagina  (Figa.  212,  217,  218),  while  others  in  the 
cervix,  urinary  bladder,  tonsil,  inside  of  the  nose,  nasopharynx,  and  the 
antrum  of  Highmore  show  little  tendency  to  do  so  (Figs.  221  and  223). 
Those  that  originate  on  the  inside  of  the  nose  and  the  nasopharynx 
are  not  infrequently  diagnosed  as  some  form  of  sarcoma;  in  fact,  it  often 
happens  that  a  metastasis  is  discovered  in  one  of  the  lymphatic  glands  of 
the  neck  before  the  original  growth  is  located. 

Germinal  or  regenerative  cells  are  always  present,  in  fact,  one  not 
infrequently  sees  cellular  arrangement  and  morphology  resembling  all 
the  layers  of  the  epidermis.  While  some  squamous-cell  epitheliomas  are 
composed  of  very  targe  flat  cells  (Fig.  814),  others  are  composed  of  very 
small  ones,  resembling  those  of  spindle-  and  round-cell  sarcomas  (Pigs. 
220, 221, 223).  Under  the  low  power  of  the  microscope  they  occasionally 
resemble  the  cells  of  a  basal-cell  epithelioma  (Figs.  224, 225) ;  these,  how- 
ever, under  the  high  power,  present  definite  prickles.  Some  epitheliomas 
show  the  morphologic  characteristics  of  a  spinal-cell  and  a  basal-cell 
epithelioma.  In  fact,  the  two  types  of  epithelium  have  been  seen 
intimately  connected  in  the  same  microscopic  field  (Fig,  226). 

Melanoepitbelioma. — Melanoepithelioma,  as  its  name  indicates,  is 
an  epithelioma  containing  melanin.  It  is  possible  for  this  tumor  to  grow 
in  any  part  of  the  body  where  protective  epithelium  is  found.  It  may 
he  elevated,  pedunculated,  flat,  or  apparently  subdermal,  black,  brown, 
or  partially  black  and  white,  or  brown  and  white.  The  pigment  is  not 
always  evenly  distributed  throughout  the  tumor.  In  some  instances 
the  original  tumors  have  very  little  or  no  apparent  pigment  and  the 
secondary  growth  or  growths  will  be  jet  black  (Figs.  202, 203) ;  the  original 
tumor  may  be  filled  with  pigment  and  the  secondary  growth  or  growths 
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be  free  or  practically  free  from  it.  Microscopically,  spheroid,  spindle, 
and  ovoid  cells,  with  or  without  pigment,  may  be  seen  (Figs.  2S1,  232, 
and  233).  It  has  a  marked  tendency  toward  alveolar  formation  (Pigs. 
228and2S0).  This  type  of  epithehoma  has  heen  discussed  in  a  previous 
article  by  Broders  and  MacCarty.* 

Noa-iugmented  melanoepiflielioma. — This  type  of  epithehoma  has  all 
the  morphologic  and  clinical  characteristics  of  the  melanoepithelioma  ex- 
cept pigment.  It  is  usually  diagnosed  as  some  form  of  sarcoma  (Figs. 
904  and  234). 

Basal-cell  epithelioma.— The  tumor  is  commonly  known  as  the 
rodent  ulcer.  Like  other  epitheliomas,  it  may  be  found  on  any  surface 
of  the  body  covered  with  protective  epithelium.  However,  it  is  most 
often  found  on  the  cheek,  outside  of  the  nose,  temple,  eyelid,  and  fore- 
head. It  often  appears  in  the  skin  as  an  elevated  whitish  nodule  resem- 
bling an  adenoma  or  cyst  of  a  sebaceous  gland,  as  an  ulcer  with  indurated 
borders,  or  as  a  scaly  lesion  which  exfohates  its  superficial  layers,  leaving 
a  shiny  surface,  but  showing  httle  tendency  to  heal  completely  (Figs. 
205-210).  The  latter  form  is  usually  found  in  persons  who  are  exposed 
to  intense  sunlight.  It  b  a  frequent  occurrence  in  the  sunburnt  skin  of 
farmers. 

Microscopically,  the  tumor  presents  an  equal  variation  of  the  squa- 
mous-cell  type.  Its  cells  may  be  long  and  slender,  short  and  thick,  or 
round,  oval,  or  spindle-shaped.  In  addition  to  the  variation  of  cellular 
morphology  there  is  great  variation  in  the  arrangement  of  its  cells. 
Some  are  alveolar  or  gland-like,  the  latter  condition  resembling  the 
arrangement  of  the  thyroid;  others  have  a  cactus-like  appearance; 
some  are  composed  of  diffuse  or  circumscribed  solid  masses  of  cells,  and 
others  have  a  combination  of  different  forms  (Figs.  235-239) .  It  derives 
the  name  basal-cell  from  the  fact  that  its  cells  tend  to  differentiate  to  a 
form  similar  to  the  cells  of  the  basal  or  germinative  layer  of  the  epidermis. 
As  a  matter  of  fact,  all  tumors  arising  in  protective  epithelium  are  basal- 
cell  epitheliomas — the  only  feature  distinguishing  them  is  their  cellular 
differentiation.  Undoubtedly  basal-cell  epitheliomas  are  not  infre- 
quently diagnosed  endotheliomas,  alveolar  sarcomas,  round-cell  sareo- 
mas,  spindle-cell  sarcomas,  and  adenocareinomas.  The  cells  of  a  pure 
basal-cell  epithelioma  are  not  supposed  to  contain  prickles  or  spines,  but 
on  account  of  their  occasional  presence  it  is  often  difficult  to  determine 
whether  an  epithelioma  should  be  called  a  basal-  or  squamous-cell 
epithelioma.  Frickle-celb  are  often  found  in  so-called  basal-cell 
'17—87 
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epitheliomas  and  basal-cells  can  always  be  seen  in  squttmous-cell  epi- 
theliomas. 

Adamantine  epittielioma  or  adamantinoma. — ^This  type  of  neoplasm 
has  been  taken  into  consideration  because  of  its  marked  cellular  resem- 
blance and  close  relationship  to  the  squamous-cell  epithelioma.  There 
are  differences  of  opinion  as  to  its  histogenesis.  Falkson*  held  that  in 
the  formation  of  enamel-organs  for  the  several  teeth  there  was  a  surplus 
and  that  these  additional  dental  germs  were  the  origin  of  the  adaman- 
tinomas. Malassez^  advanced  the  theory  that  they  arise  from  epithelial 
rests  or  paradental  epithelial  debris.  Scudder'"  states:  "There  is  very 
great  likelihood  that  the  cells  of  the  primary  epithelial  cord,  having 
served  their  usefulness,  are  detached  from  the  original  enamel-organ 
cells  and  may  be  the  cells,  which  persisting,  form  the  tumor  under  con- 
sideration." Buchtemann'  and  Kolaczek*  believe  that  these  tumors 
originate  from  the  mucous  membrane  or  the  mucous  glands  of  the 
mouth.  Bland-Sutton^  says:  "They  probably  arise  from  persistent 
portions  of  the  epithelium  of  enamel-organa. " 

^e  number  of  theories  which  have  been  advanced  relative  to  this 
tumor  naturally  leads  one  to  believe  that  very  little  b  known  of  its 
origin.  It  is  usually  located  in  the  lower  jaw  at  or  near  the  angle, 
although  a  certain  proportion  are  located  in  the  upper  jaw.  Some  of 
them  attain  the  size  of  a  grape-fruit.  On  gross  section  the  tumor  proper 
is  seen  to  be  incased  in  a  thin,  bony  capsule,  made  up  of  cystic  and  solid 
areas  (Fig.  SlI).  The  cysts  range  in  size  from  1  mm.  to  3  cm.  in  diameter 
and  are  filled  with  a  yellowish-brown,  mucoid  fluid.  They  are  separated 
by  bony  or  fibrous  septa.  The  cut  surface  of  a  fresh  specimen  presents 
reddish,  granular  solid  areas  between  which  are  multiple  small  cysts. 

Microscopically,  the  tumor  has  a  connective-tissue  stroma  and 
columns  of  variously  shaped  masses  of  epithelial  cells.  In  one  instance 
the  epithelial  columns  showed  direct  connection  with  the  epithelium  of 
the  gum  (Fig.  240).  This  fact  tends  to  suggest  that  this  neoplasm  arises 
from  the  regenerative  or  basal-cells  of  the  epithelium  of  the  mucous 
membrane,  which  would  be  in  accord  with  the  histogenesis  of  all  other 
types  of  epitheliomas.  Deeper  down  in  this  same  tumor  cellular  masses 
with  the  early  cyst  formation  may  be  seen  (Fig.  241). 

The  adamantinoma  presents  two  distinct  types  of  epithelial  cells 
(Fig.  241).  The  outer  or  columnar  cells,  which  are  undoubtedly  the 
germinal  or  regenerative  cells,  correspond  to  the  columnar  germinal  or 
regenerative  cells  of  the  enamel-organ.  These  also  correspond  to  the 
basal  or  germinal  cells  of  the  epidermis  from  which  the  enamel-organ  is 
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derived.  The  polygonal  and  stellate  cells,  which  are  so  characteristic, 
represent  an  advanced  stage  of  differentiation.  They  sometimes  con- 
tain prickles  which  also  have  corresponding  cells  in  the  enamel-organ 
and  resemble  the  prickle-cells  of  the  epidermis.  These  cells  appear  to 
disintegrate  and  form  cysts  before  they  reach  the  stage  of  comification. 
Similar  cysts  are  found  in  squamous-ccll  epitheliomas  as  a  result  of  cell 
disintegration.  New*  has  written  an  article  describing  this  type  of 
epithelioma. 

Mixed  epitbelionia. — This  type  of  epithelioma  is  met  with  infre- 
quently. It  is  usually  located  in  the  palate,  although  it  may  occur  in 
other  locations.  Two  cases  were  observed  in  the  Mayo  Clinic  in  which 
the  tumor  was  in  the  palate.  The  first  occurred  in  a  girl  sixteen  years 
of  age.  It  was  fairly  regular  in  outhne  and  measured  2  by  2  by  }-^  inches. 
When  a  specimen  was  removed  for  microscopic  diagnosis  an  ounce  of 
straw-colored  fluid  escaped  from  what  appeared  to  be  a  cyst.  Micro- 
scopically, the  tumor  contained  squamous  epithelium  directly  connected 
with  the  mucous  membrane  of  the  palate  (Fig.  S42) .  Other  areas  showed 
masses  of  squamous  epithelium  separated  by  fibrous  septa,  plus  the 
presence  of  mucous  glands  and  gland-like  structures  that  were  continuous 
with  the  squamous  epithelium  (Pig.  243) . 

The  second  tumor  occurred  in  a  man  sixty-four  years  of  age.  It  was 
encapsulated,  measured  1  by  J^  by  1  inch,  and  on  section  was  found  to 
be  a  solid  mass  free  from  mucus.  Microscopically,  the  tumor  contained 
numerous  gland-like  masses,  made  up  of  squamous  epithelium  in  which 
the  central  cells  had  degenerated  in  a  similar  manner  to  that  in  an 
adamantinoma.  This  tumor  differed  from  the  first  in  that  it  did  not 
contain  mucous  glands.  It  also  contained  what  appeared  to  be  true 
glands,  like  those  found  in  the  breast  with  the  exception  of  mammary 
grouping  (Fig.  244).    Similar  tumors  have  been  found  in  other  locations.' 

Discussion 

In  view  of  the  fact  that  epitheliomas  vary  so  much  in  the  structure 
of  the  cells  and  their  arrangement  it  seems  wise  to  consider  the  anatomic 
possibilities  of  origin  and  other  reasons  for  the  apparent  types. 

A  clear  conception  of  the  structural  nature  and  biologic  significance 
of  such  an  interesting  and  important  group  of  neoplasms  cannot  be 
obtained  without  a  knowledge  of  the  embryologic  development  of  the 
skin  and  its  accessory  organs. 

If  the  life-history  of  the  skin  is  traced,  it  b  beg-i  with  the  ectoderm 
of  the  three-layer  stage  of  embryologic  development.     This  layer  of 
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partially  differentiated  epithelium  becomes  more  highly  developed  to 
form  the  so-called  skin  of  the  embryo.  At  first  it  is  composed  of  one 
layer  of  cuboid  cells,  which,  with  the  further  development  of  the 
embryo,  becomes  differentiated  to  form  two  or  more  layers  of  cella — 
the  outer  layer  differing  from  the  Brst  layer  in  being  flatter  or  less  cu- 
boid, with  their  long  axes  parallel  with  the  surface  of  the  body. 

With  both  antenatal  and  postnatal  development  the  secondary  layers 
become  more  differentiated  and  less  like  their  immediate  predecessors, 
which  in  this  stage  embryologista  have  termed  the  "stratum  germina- 
tivum"  of  the  skin  or  the  germinating  layer  of  the  epidermis. 

The  history  of  the  cells  of  this  layer  proves  that  they  retain  the  power 
of  divergence  into  several  structural  and  functional  derivatives.  It 
may  be  spoken  of  as  a  plastic  layer,  at  least  in  the  embryo.  This  ex- 
pression of  its  broad  functional  capacity  is  based  on  its  behavior  in  the 
development  of  the  appendages  of  the  skin,  namely,  hair,  nails,  teeth, 
sweat-glands,  sebaceous  glands,  buccal  glands,  and  mammary  glands. 

Histologic  specimens  taken  through  the  embryonic  skin  and  sub- 
cutaneous tissue  in  various  portions  show  developmental  activities  of 
the  stratum  germinativum  other  than  the  production  of  epidermal  cells. 

The  diversity  of  possible  variation  of  products  of  this  layer  of  cells 
is  not  only  visible  in  embryologic  development,  but  it  may  be  seen  in 
the  change  from  columnar  epithelium  of  the  tower  rectum,  the  uterine 
cervix,  the  urinary  bladder,  and  the  mouth,  in  all  of  which  organs  the 
regenerative  cells  produce  squamous  or  stratified  epitheUum  instead  of 
columnar  epithelium  when  a  protective  occasion  arises. 

It  has  been  shown  definitely  that  a  chronic  destruction  of  specific 
tissues  gives  rise  to  certain  definite  histologic,  biologic,  and  clinical 
phenomena  in  the  regenerative  cells  of  such  tissues. 

These  are  characterized  histologically  by  hypertrophy,  hyperplasia, 
and  migration,  biologically  by  hyperactivity,  reproduction  (neoplasia), 
and  migration,  and  clinically  by  benignancy,  uncertainty,  and  malig- 
nancy.* It  has  been  shown,  further,  that  the  cells  of  the  migratory 
(malignant)  stage,  when  they  acquire  an  environment  somewhat  similar 
to  their  normal  environment,  attempt  to  differentiate  into  the  tissue 
cells  for  which  they  were  originally  intended.  This  is  seen  in  the  case 
of  glandular  tissues  as  well  as  protective  epithelial  tissues.  In  the  cases 
of  the  epitheliomas  under  discussion  in  this  paper  there  are  several 
possible  points  of  origin.  The  germinative  cells  of  the  epidermis, 
sebaceous  glands,  sweat-glands,  oral  and  nasal  mucous  glands,  and  the 
hair-follicles  all  constitute  possible  sites  of  origin  for  neoplasia.     Neo- 
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plasia  arising  in  the  first,  second,  and  fifth  of  these  structures  has 
already  been  seen  by  the  writers. 

Theoretically  one  should  be  able  to  deterniine  the  origin  of  neoplasia 
from  the  character  of  the  differentiation  in  the  new-growth.  While  this 
may  be  theoretically  possible,  it  is  only  infrequently  possible  because 
malignant  neoplastic  cells  rarely  if  ever  become  completely  differentiated; 
if  they  did,  they  would  produce  benign  conditions.  Cells  in  the  partially 
differentiated  portions  of  malignant  neoplasms  which  are  more  nearly 
morphologically  like  certain  tissues  than  like  any  other  tissues  are  seen. 
This  is  especially  true,  as  has  been  stated  in  the  cases  of  certain  epithe- 
liomas in  which  the  cells  undoubtedly  resemble  comified  epithelium  and 
sebaceous  cells.  In  the  cases  of  hair-follicles,  the  only  evidence  that  exists 
from  the  possible  origin  of  some  of  the  epitheliomas  in  these  structures 
is  the  fact  that  early  migratory  neoplastic  cells  have  been  demonstrated 
arising  in  the  stratum  germinativum  of  the  follicles  (Fig.  ti45). 

There  is  one  other  possibility  within  the  range  of  analogy  to  facts  as 
they  occur  in  the  human  body.  From  the  reaction  of  regenerative  cells 
of  tissues  which,  by  the  so-called  process  of  metaplasia,  become  trans- 
formed from  columnar  cells  into  stratified  squamous  cells,  it  seems 
possible  for  the  regenerative  cells  of  any  of  the  accessory  organs  of  the 
skin  to  produce  cells  similar  in  structure  to  those  of  any  other  accessory 
organ.  This  possibiUty  is  merely  mentioned  to  stimulate  investigation, 
and  in  no  way  is  it  held  to  be  responsible  for  any  of  the  conditions  re- 
ported herein. 

In  presenting  this  brief  description  of  typical  malignant  conditions 
arising  in  the  skin,  its  accessory  organs,  and  analogous  epithelial  struc- 
tures practically  no  attempt  has  been  made  to  report  the  clinical 
aspects  of  the  subject.  The  results  of  detailed  gross,  histologic,  and 
cellular  studies  with  their  clinical  significance  will  be  presented  elsewhere 
in  the  near  future. 
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A  LUETIN  REACTION  IN  SYPHILIS   PRODUCED 

BY  AGAR 

WITH  A  BRIEF  CONSIDERATION  OF  ITS  MECHANISM* 

J.    H.    STOKES 


The  enthusiasm  with  which  cutaneous  tests  for  diagnostic  purposes 
have  been  incorporated  into  clinical  practice  is  a  striking  tribute  to  the 
uncritical  frame  of  mind  in  which  we  are  prone  to  receive  what  promises 
to  present  the  golden  combination  of  simplicity  and  usefulness.  Few 
better  illustrations  of  this  ready  acceptance  of  the  plausible  as  gospel 
could  be  found  than  the  reception  accorded  the  luetin  reaction. 

Before  Sherrick'  noted  the  effect  of  iodids  on  the  reaction,  the  litera- 
ture was  flooded  with  favorable,  but  now  almost  worthless,  reports,  from 
a  large  percentage  of  which  it  is  impossible  to  determine  what  controls 
were  used  and  in  which  controls  were  even  admittedly  dispensed  with. 
Here  and  there  more  critical  observers  called  attention  to  the  uncer- 
tainties of  the  reaction,  and  to  the  behavior  of  some  of  the  control  sus- 
pensions distributed  with  authentic  Noguchi  preparations  of  luetin. 
My  own  interest  in  the  specificity  of  the  reaction  and  its  possible  mechan- 
ism was  first  aroused  by  the  production  of  a  very  convincing  luetin 
reaction  in  a  case  of  late  syphilis  in  which  I  wa^  studying  the  sensitiza- 
tion phenomena  of  psoriasis  by  means  of  intradermal  injection  of  an 
emulsion  made  from  normal  skin.  Following  this  I  discovered  to  my 
surprise  that  as  the  apparent  result  of  a  series  of  injections  of  homologous 
protein  emulsions  made  from  our  own  skins,  my  skin,  and  that  of  my 
assistant  reacted  to  a  typical  colloid  (agar)  in  a  way  clinically  identical 
with  the  tardive  luetin  reaction.'  This  sensitivity  apparently  dimin- 
ished slowly  after  the  experiments  were  discontinued.  Having  in  the 
meanwhile  developed  a  theory  of  the  mechanism  of  such  reactions  based 
on  the  newer  physicochemical  conceptions  of  anaphylactic  phenomena, 
founded  on  the  work  of  Bordet,  Mutermilch  and  Kopaczewsld,  Keyser 
and  Wassermann,  Jobling  and  Petersen,  Novy  and  DeKruif,  and  others, 
*  Reprinted  from  the  Jour.  Am.  Med.  Assn..  1917.  Ixviii,  1091-1009. 


ey  Google 


A   LTJETIN  REACTION   IN  SYPHILIS   PBODUCBD  BT  AGAR  J8S 

I  undertook  to  see  whether  a  typical  colloid  suspension,  whose  properties 
as  an  anaphylatoxin-former  were  well  understood,  would  give  rise  to 
reactions  like  the  tuetin  reaction,  in  states  of  dermal  hypersensitivity 
such  as  we  know  to  exist  in  a  certain  percentage  of  syphilitics.  The 
purpose  of  this  paper  is  to  report  the  success  of  the  attempt  based  on 
these  theoretic  considerations,  the  fuller  consideration  of  the  significance 
of  the  result  being  deferred  for  a  future  paper.  Sberrick'  and  Kolmer' 
have  both  noted  that  a  reaction  occurred  under  potassium  iodid,  but 
neither  has  observed  its  reaction  when  potassium  iodid  has  not  been 
administered,  possibly  because  of  its  slow  development,  which  some- 
times calls  for  a  period  of  observation  of  not  less  than  fourteen  days  fully 
to  identify  a  positive  reaction. 

Agar  presents  the  striking  advantage  over  many  of  the  bacterial 


protein  suspensions,  toxins,  etc.,  used  for  intradermal  tests,  that  its 
behavior  in  vitro  and  in  vivo  has  been  fairly  well  worked  out  in  the 
development  of  newer  immunologic  conceptions.  It  has  been  shown 
with  reasonable  definiteness  that  as  a  colloidal  suspension  it  is  able,  by 
an  absorptive  action,  to  render  homologous  serums,  which  are  sup- 
posedly non-toxic,  extremely  toxic,  and  that  this  effect  is  related  to  the 
colloidal  properties  of  blood-serum.  This  generation  of  anaphylatoxin 
by  agar,  its  ability  to  disturb  colloidal  equilibrium  along  certain  con- 
stant lines  without  itself  being  broken  up  or  subjected  to  chemical 
change,  makes  it  a  very  favorable  medium  for  the  study  of  the  colloidal 
equilibrium  of  tissues  in  normal  and  disease  conditions.  The  ability  to 
show  that  agar  in  proper  concentration,  intradermally  injected,  gives 
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rise,  in  states  of  dermal  hypersusceptibility,  to  inflammatoTy  reactions 
clinically  similar  to  the  luetin  reaction,  suggests  that  the  mechanism  of 
luetjn  is  at  least  in  part  physical  and  not  chemical.     Moreover,  it  is 
possible  that  the  hypersensitiveness 
which  permits  of  such  a  reaction  is 
also  a  physical  state,  the  peculiari- 
ties and  origin  of  which  can  be 
worked  out  along  physical  lines  of 
investigation.     As  a  result  of  my 
studies  of  the  behavior  of  this  sub- 
stance when  substituted  for  luetin. 
I  am  inclined  to  regard  the  hyper- 
sensitiveness of  the  skin   in  late 
syphilis,  familiarized  as    Umstim- 
mung  by  the  studies  of  Neisser, 
^  "rhT^'tni^r'H^^J^'p^u'k!"'  ™      Finger  and  Landsteiner,  and  others, 
as  a  colloidal  phenomenon,  and  to 
regard  the  action  of  luetin  largely  as  that  of  a  mixture  of  colloids,  the 
adsorbent  action  of  which  makes  possible  the  liberation  of  anaphylatoxin 
in  the  tissue  in  which  it  is  injected,  with  a  resulting  inflammatory  reaction 
about  the  site  of  injection.     Criticalanalysisof  the  composition  of  luetin 


Fig.  tM.— TliF  rtarlioDi  ihown  in  Fig.  iU  on  ttit  abth  Amj:  right,  poiilivt:  left.  Dtgmtlvr. 

as  originally  prepared  by  Koguchi*  justifies  this  belief,  since  the  anaphy- 
latox  in-forming  properties  of  ground  Spirochteta  pallida  have  been  demon- 
strated* as  well  as  those  of  agar.  To  justify  this  theory  it  remained  to  show 
that,  independent  of  the  influence  of  iodids,  a  reasonable  percentage  of 
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syphilitics  would  react  to  &  colloidal  adsorbent  in  suitable  concentration 
in  a  way  clinically  similar  to  the  luetin  reaction.  While  the  series  of 
cases  here  reported  is  not  large,  it 
certainly  suggests  that  there  is  a 
hitherto  only  partly  appreciated 
element  of  non-specificity  in  this 
reaction.  It  is  not  proposed  to  at- 
tack the  clinical  serviceability  of 
luetin  in  the  diagnosis  of  obscure 
syphilis,  or  to  propose  agar  as  a  sub- 
stitute without  considerably  more 
study.  On  the  other  hand,  it  can- 
not but  give  us  pause  in  our  enthu- 
siasm for  the  diagnostic  value  of 
luetin  and  its  immunologic  signifi- 
cance to  find  that  not  only  can  the 
reaction  be  utterly  invalidated  by  whkh'th^n'i^iJSt.'*'' 
a  little  potassium  iodid,  but  that 
it  can  be  perfectly  imitated  by 
a  sterile  colloidal  suspension  which  experimental  studies  seem  to 
indicate  remains  chemically  inert  and  acts  presumably  only  through 
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Fig.  mo. — A  R«ct»D  which  wu  poflitivv  on  the  tbird  day,  aubudHl  uuj  lifrhlrd  up  miiid  oa  tbe  rbhUi^ 
Wt.  puilulabuUnui  leaian  on  llw  FLcvFnth  iU>';  right,  ruptured  4iid  drying  puitult  on  the  fonrt«iilb  duf.  ftbtt 

its  physical  properties.  The  reaction  to  agar  as  here  described 
was  negative  in  a  variety  of  no n- syphilitic  conditions  and  in  the 
normal  persons  on  whom  it  was  tried.     It  was  mildly  positive  on  five 
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occasions  in  clinically  and  serologically  non-syphilitic  persons,  two  of 
whom,  however,  had  gonorrhea) 
arthritis,  and  three  of  whom  had 
been  receiving  massive  injections 
of  vaccines,  the  ability  of  wbicti 
to  alter  the  colloidal  state  of  the 
body  and  bring  about  so-called 
ferment  mobilization  has  been 
suggested  by  the  work  of  Jobling 
and  Petersen*  and  others. 

The  preparation  used  in   my 
work  has  been  a  sterile  0.5  per 
cent   suspension   of   granular  or 
powdered  agar  in  physiologic  so- 
dium chlorid  solution  (unfiltered), 
sterilized  in   the  autoclave.     In 
Fi(.  Ml.— Dtyitia  puituic  OB  the  ointfa  dmv  in       moFC  reccut  reactions  I  have  used 
'Sdidi'"™"''"'''  "'""""™'"^''  ""*  ">"•"»":  ■»      a  0.7  per  cent  suspension.    Several 
preparations  of  agar  have  been 
employed  to  eliminate  the  possibility  of  the  presence  of  peculiarities  due 
to  the  method  of  manufacture.  The 
gel,   undiluted,  is   injected   intra- 
dermallyinamountsof  0.1  c.c.    An 
equal  amount  of  mechanical  trau- 
ma, inflicted  by  the  injection  of  0.1 
c.c.  of  sterile  olive  oil  as  a  control, 
has  failed  thus  far  to  produce  any 
positives,  even  when  the  agar  reac- 
tion is  positive.     The  course  of  the 
reaction  is  quite  similar  to  that  of 
luetin,  with  emphasis  on  the  ten- 
dency to  tardive  reaction.  Pustula- 
tion  (»ccurs,  in  marked  cases,  usu- 
ally after  the  fifth  day,  and  often 
as  late  as  the  tenth  or  twelfth.    The 
pustule  is  rather  more  hemorrhagic 
than  the  typical  luetin  lesion,  and 

occasionally  bullous.  Culturesfrom  f»  M«.-Fifi«:nii..d.,v  piL.ti.ir.  «ri,v  «™d- 

the  fluid  in  several  lesions  and  mi-      JTiiiYiSiiricjXJuK!  ""'^  '■*™"'™'" "««»™" 
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croscoptc  examinations  have  shown  it  to  be  sterile.  There  is  a  distinct 
variation  in  the  intensity  of  the  reaction  with  the  concentration  of  the 
agar,  and  it  is  my  impression  also 
that  certain  obscure  properties  of 
the  colloid  suspension,  such  as  may 
result  from  shaking  it  before  it  has 
gelled,  and  chilling  it  affect  its  be- 
havior. Even  though  they  seem 
to  have  been  made  up  in  the  proper 
percentage  strength,  preparations 
occasionally  give  unsatisfactory 
results,  especially  when  they  are 
thin  and  watery  or  very  flocculent. 

vanatlons       of       this      type      can        fintd*y.     NoduUi-ulRnliveUtoypfailidof  tbcfuxi 
,      .  ,  ..■":  ,      ,.  ^mm.otll«,pJ.l».    SJvuMn:  mmurK,ucciiuciid 

scarcely  have  been  avoided  in  the     loirMimmiiiriyi  »  aOuU. 

manufacture  of  luetin,  and  may 

explain  the  occasionally  erratic  behavior  of  even  authentic  preparations. 

It  must  be  apparent  that  luetin,  as  a  marketable  preparation  for  the 

diagnosis  of  syphilis,  is  an  uncertain 

entity  and  that,  to  say  the  least,  it 

needs  standardization. 

In  the  summary  of  results  in 
Table  1,  reactions  have  been  inter- 
preted as  positive  with  conserva- 
tism. Slight  infiltrations,  bluish 
macules,  and  even  small  papules 
which  failed  to  show  the  tendency 
to  central  softening  have  been  rated 
as  doubtful  and  discarded.  No  re- 
action has  been  considered  until 
after  the  third  day.  Marked  reac- 
tions are  unmistakable,  and  give 
rise  to  a  deep  pustule  which  may 
ri(.«H.-K>K.tivrRKtniii>buitDU>Hrii>nii>     enlarge  as  if  by  process  of  peri- 

niJlifMlB*.      IVIi™HMn»ll»w«k.l.ler:nojipn  ,  ,     ,.  ..  ,  .,        ..  ,., 

■t  ii(kiiii(  up.  pheral  digestion  of  the  tissues,  until 

it  becomes  flaccid  or  is  evacuated, 
discharging  a  grumous  pus  and  leaving  a  marked  bluish  or  purple  scar. 
The  reaction  is  slower  to  develop  than  the  luetin,  and  on  the  whole  more 
indolent,  and  it  is  this  tardive  tendency  perhaps  which  has  caused  other 
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observers  to  overlook  it.  The  inflammatory  areola,  which  may  disaj^Kar 
after  the  second  day,  may  reappear  when  the  reaction  begins  to  light  up. 
The  reaction  is  usually  markedly  accelerated  by  iodids,  forms  a  higher, 
firmer  nodule,  and  evacuates  sooner.  In  two  cases,  one  of  latent  sj'pbilU 
and  one  of  actinomycosis  (moribund),  the  reaction  failed  to  dewlop 
even  under  liberal  doses  of  potassium  iodid. 

In  the  Chicago  cases,  studied  through  the  courtesy  of  Dr.  F.  G. 
Harris  at  the  Cook  County  Hospital,  the  percentage  of  positives  was 
higher  than  on  my  own  service  at  Rochester,  possibly  because  the 
former  patients  were  subject  to  the 
uncertainties  of  out^de  treatment 
with  possible  iodid  administration, 
whereas  in  the  cases  of  the  latter 
the  question  of  iodid  administra- 
tion was  effectually  eliminated.  tJie 
majority  of  the  patients  being  un- 
der my  care  for  some  weeks  nritbout 
iodids  before  the  reactions  were 
started,  and  the  diagnosis  of  ^'ph- 
ilis  having  been  made  on  most  of 
them  for  the  first  time  when  they 
entered  the  Clinic.  In  the  Chicago 
series  a  0.5  per  cent  suspension  was 
used,  and  in  the  Rochester  series  s 
0.7  per  cent  suspension.  Suspen- 
sions of  0. 1  per  cent  and  1  per  cent 
were  tried,  but  gave  unsatisfactOT>' 
turtd'™t"*.;iTthd)fy"lN,'J™i.twiX'i^^  *""*  usually  negative  results.    Id 

S^ni^^^t^'iJTi^'iildidl'i'hw  M^^'r^v.'' "'"'  *"  comparing  with  my  results  the  per- 
centage of  positives  obtained  for 
luetin  by  observers  before  the  influence  of  iodids  was  recognized,  it  should 
not  be  forgotten  that  thepublishedpercentagesfor  luetin  are  undoubtedly 
inflated  by  the  unsuspected  effect  of  iodids  and  should  therefore  be  lower 
than  the  reports  indicate. 

The  non-syphilitic  cases  in  which  negative  reactions  were  obtained 
included  6  cases  of  psoriasis,  3  of  eczema,  2  of  toxic  erythema, !  of  chu- 
croid,  3  of  pulmonary  tuberculosis,  1  of  acne  vulgaris,  1  of  pellagra,  and 
1  of  actinomycosis  of  the  appendix. 

A  i>ositive  reaction  was  obtained  in  one  case  in  which  syphilis  cer- 
tainly was  not  present — a  case  of  urticaria  pigmentosa  in  an  adult.   Of 
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three  cases  of  goDorrheal  arthritis,  two  were  positive  to  agar  with  nega- 
tive Wassermanns,  but  both  of  these  patients  had  been  receiving  vaccines 
with  marked  reactioiis  and,  moreover,  syphilis  could  not  be  excluded. 
In  another  case  from  which  syphilis  could  not  be  excluded  but  which  was 
Wassermann-negative,  the  patient  reacted  positively  while  receiving 
vaccine  for  a  sycosis,  with  marked  febrile  responses.  With  reference  to 
gonorrhea  it  will  be  recalled  that  Boa^  and  Ditlevsen,'  among  others, 
secured  positive  luetin  reactions  in  several  patients  with  gonorrhea  in 
their  series,  and  even  in  persons  who  were  apparently  normal. 

In  the  Chicago  series  of  twelve  patients  with  sj^hilis,  two  reactions 
were  discarded  as  doubtful,  and  seven  (70  per  cent)  reacted  positively. 

In  the  Bocbester  series  (0.7  per  cent  agar  used),  of  thirty-five  patients 
with  syphilis,  five  reactions  were  discarded  as  doubtful,  and  fifteen  (50 
per  cent)  reacted  positively.  Rating  the  doubtfuls  as  negative,  the 
percentage  of  positives  was  42.3  per  cent. 

Table  1  combines  the  two  series,  omitting  all  doubtful  reactions. 

It  b  interesting  to  note  that  positive  reactions  were  obtained  for  all 
but  two  of  nine  tabetics  (about  78  per  cent).  The  increasing  frequency 
of  positives  in  the  later  stages  of  the  disease  is  in  keeping  with  the 
behavior  of  luetin. 

From  my  observaticms  as  the  work  has  progressed  I  have  gained  the 
impression  that  the  positive  reaction  can  be  brought  out  by  intensive 
treatment,  exclusive  of  iodid  administration,  notably  by  intramuscular 
injections  of  mercurial  salts.  This  is  in  keeping  with  the  opinion  of 
observers  of  syphilis  and  will  be  discussed  with  the  theoretic  considera- 
tions in  another  paper. 

CoNCLtlBIONS 

Agar  hydrosol,  from  0.5  to  0.7  per  cent  in  physiologic  sodium  chlorid 
solution,  when  injected  intradermally  in  doses  of  0.1  c.c,  gives  reactions 
clinically  similar  to  those  produced  by  luetin.  Controls  of  equal 
amoimts  of  sterile  olive  oil,  producmg  similar  trauma,  do  not  give  rise 
to  reactions. 

The  agar  reaction  differs  from  the  luetin  reaction  chiefly  in  a  ten- 
dency to  a  more  torpid  course  and  a  slower  development. 

Papular  and  pustular  reactions  may  be  produced,  the  latter  being 
somewhat  more  hemorrhagic  than  those  produced  by  luetin. 

The  percentage  of  positives  in  known  syphilitica,  eliminating  doubt- 
ful reactions,  varied  in  two  series,  aggregating  forty  cases,  from  50  to 
70  per  cent. 

The  normal  persons  and  non-syphilitics  in  my  series  did  not  react. 
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The  only  positive  case  in  which  syphilis  seemed  to  be  eliminated  was  a 
case  of  urticaria  pigmentosa  with  factitial  urticarial  phenomena.  Two 
patients  with  gonorrhea  in  a  total  series  of  76  reacted  positively.  Both 
were  receiving  vaccines  with  marked  reactions.  One  patient  with 
sycosis  barbie,  receiving  vaccines  with  marked  reaction,  also  reacted 
positively  to  the  agar. 

The  influence  of  iodids  could  be  eliminated  from  the  series  in  which 
50  per  cent  reacted  positively. 

The  positive  reaction  to  agar,  as  brought  about  by  the  internal 
administration  of  iodids,  was  observed  in  typical  form  in  three  cases. 
It  is  simply  a  severe  form  of  the  luetin  and  agar  reactions.  In  two  cases 
in  which  iodids  were  being  administered  the  reaction  to  agar  was 
negative. 

The  cutaneous  reaction  to  both  luetin  and  agar  in  syphilis  is  inter- 
preted as  non-specific  in  character  and  as  a  colloidal  adsorption  phenome- 
non in  a  hypersensitive  or  labile  skin.  The  theoretic  considerations  on 
which  this  view  is  based  have  been  published  in  part,  and  a  review  of 
their  possible  bearing  on  the  immunologic  mechanism  of  syphilis  will  be 
published  shortly. 

TABLE  I.— RESITLTS  OF  TESTS 

PniTiTi  Neoititk 

FoHl  or  Stfhilu                                                NuHmm  Pu  Ciht  NoiiBn 

Primary 2  SO  I 

Latent «  40  3 

Secondary 3  *3  4 

Tertiaiy 6  63  S 

Cerebrospinal 8  88  B 

Total  early ..  48.0 

Total  late ,.  38.3 

The  importance  of  a  further  study  and  standardization  of  prepara- 
tions of  luetin  is  suggested.  The  foregoing  studies  suggest  that  the 
fragmented  Spirochtetfe  pallidse  are  not  indispensable  in  the  production 
of  the  reaction  clinically  known  as  the  luetin  test. 
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THE  PROVOCATIVE  WASSERMANN  TEST  IN  THE 
CLINICAL  DIAGNOSIS  OF  SYPHILIS* 

J.    H.    STOKES    AND    P.    A.    o'leARY 


Critical  revision  of  first  conceptions  has  overtaken,  one  by  one,  our 
most  cherished  diagnostic  tests,  and  placed  qualifications  upon  their 
usefulness  which  make  their  correct  interpretation  and  wide  application 
increasingly  difficult.  Even  so  striking  and  valuable  a  generalization  as 
that  which  forms  the  foundation  of  the  Wassermann  test  has  been  sub- 
jected to  so  many  readjustments  with  the  advance  of  knowledge  that  the 
clinical  syphilographer  is  at  times  almost  disposed  to  underrate  it.  On 
the  other  hand,  the  general  diagnostician,  hard  pressed  for  a  means 
of  rapid  decision  in  a  case,  frequently  overrates  it.  In  particular  the 
negative  Wassermann  reaction  has  had  to  bear  the  brunt  of  the  assault 
on  the  test,  and  it  is  probably  for  this  reason  that  any  means  of  making 
a  negative  Wassermann  test  positive  has  met  with  especially  enthusiastic 
acceptance. 

The  so-called  provocative  Wassermann  test  is  based  upon  an  obser- 
vation made  by  Gennerich  in  1910  and  confirmed  by  Milian,  to  the  effect 
that  a  syphilitic  serum  weakly  positive  or  even  negative  before,  can  be 
rendered  strongly  positive  following  an  injection  of  salvarsan.  Gen- 
nerich conceived  the  reaction  to  be  a  phase  of  the  Herxheimer  reaction, 
and  ascribed  to  it  considerable  value  in  the  detection  of  latent  syphilis, 
especially  in  cases  in  which  treatment  had  been  given  followed  by  a  rest 
period.  Under  the  advocacy  of  Lier,  Hoffmann,  Lerredde,  Fordyce, 
and  other  syphilographers  of  large  experience,  and  following  the  en- 
couraging reports  of  Pease  and  Craig  as  to  its  usefulness,  the  procedure 
is  gaining  currency  as  a  method  of  diagnosis,  and  as  a  prerequisite  to  a 
decision  as  to  whether  or  not  a  patient  is  to  be  discharged  as  cured.  A 
dissenting  voice  has,  however,  recently  been  raised  by  King,  who,  in  a 
limited  number  of  cases,  could  find  little  evidence  of  a  provocative  effect 
produced  by  an  injection  of  salvarsan  in  syphilitics.  He  pointed  out, 
*  RepriDted  trom  The  Am.  Jour,  of  Syph..  1D17.  i,  9i»-fS*S. 
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moreover,  that  the  work  of  Boas,  and  a  careful  analysis  by  Haller  of  the 
factors  of  technical  error  and  variations  in  the  reagents  used  in  the 
Wassermann  test,  might  explain  the  apparent  reversal  of  reactions  under 
the  influence  of  salvarsan.  Haller  believes  that  little  variation  occurs 
in  the  syphilitic  serum  itself.  King  proposes  as  an  essential  condition 
of  a  valid  provocative  procedure  that  all  the  tests,  both  on  blood  drawn 
just  before  and  after  injection,  should  be  performed  at  one  sitting  with 
the  same  reagents,  thus  reducing  to  a  minimum  the  factor  of  technical 
variation.  In  estimating  the  significance  of  a  provocative  procedure, 
attention  must  also  be  drawn  to  the  bearing  of  Craig's  work  upon  Wasser- 
mann variations  in  untreated  cases.  In  a  long  series  of  cases  under 
carefully  controlled  conditions,  he  found,  in  seemingly  diametric  opposi- 
tion to  Haller,  that  wide  fluctuations  could  occur  within  a  very  short 
time  (as  short  as  one  day)  in  the  complement  fixing  power  of  the  serum 
of  a  given  syphilitic  patient.  Between  the  two  views  there  is  little 
recourse  to  argument,  and  the  presumption  is  that  both  factors  play  a 
part  in  actual  practice.  Craig  vigorously  advocates  the  provocative 
as  a  diagnostic  procedure  and  a  means  for  controlling  the  effect  of 
treatment. 

It  must  be  conceded  that  if  the  provocative  procedure  is  to  have 
any  value  for  diagnostic  purposes  it  must  be  cleared  by  painstaking 
investigation  from  the  charge  of  being  merely  a  product  of  technical 
or  fortuitous  variations  in  the  behavior  of  the  reagents  or  of  obscure 
and  independent  changes  in  the  patient's  serum.  The  number  of 
provocative  reactions  thus  far  reported  seems  scarcely  sufficient  to 
show  a  degree  of  uniformity  in  the  production  of  provocative  effects 
sufficient  completely  to  eliminate  the  possibility  that  they  occur  in- 
dependently of  the  injected  therapeutic  agent.  Nor  can  the  Wasser- 
mann test  itself  be  regarded  as  yet  as  a  procedure  sufficiently  stan- 
dardized to  admit  of  the  searching  comparison  of  the  results  of  different 
observers.  The  present  study,  however,  disclosed  certain  suggestive 
grounds  for  believing  that  the  provocative  Wassermann  test  is  not 
merely  another  example  of  post  hoc,  propter  hoc.  Our  conclusions  are, 
therefore,  carried  to  completion  as  if  the  worth  of  the  test  were  fully 
established. 

The  material  here  presented  consists  of  103  cases  in  which  provoca- 
tive procedures  to  activate  a  negative  Wassermann  were  undertaken 
for  purposes  of  diagnosis.  Parallel  to  this  series,  through  the  courtesy 
of  Dr.  A.  H.  Sanford,  we  were  given  the  opportunity  to  compare  78 
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repeated  Wassennann  reactions,  done  under  conditions  similar  to  those 
fnevailing  in  the  series  of  provocative  tests.  The  work  was  not  begun 
with  any  preconceived  aim,  but  arose  out  of  impressions  developed  in 
the  course  of  the  routine  work  of  the  Section,  some  of  which  have  been 
confirmed  and  others  reversed  by  the  study.  For  that  reason  certain 
of  the  results  show  a  mixture  of  methods,  and  represent  the  average 
conditions  of  a  clinic  rather  than  an  experimentally  controlled  investi- 
gation. 

In  the  provocative  procedure,  salvarsan  or  neosalvarsan  alone  was 
used,  no  patients  receiving  mercury  until  the  procedure  was  finished. 
The  dosage  varied  from  0.3  gm.  in  the  earlier  cases,  to  0.6  gm.  neosal- 
varsan or  0.4  gm.  original  salvarsan  in  the  later  cases.  The  doses  were 
varied  with  the  conventional  contraindications. 

The  negative  Wassermaon  tests,  as  a  result  of  which  provocative 
procedures  were  carried  out,  were  taken  at  varying  intervals  before 
injection,  as  a  rule  within  a  week.  It  was  impossible  usually  to  make 
repeated  tests  before  injection.  In  a  part  of  the  series  the  blood  to 
be  tested  for  a  provocative  effect  was  drawn  on  the  third  or  fourth 
and  the  seventh  days  after  injection.  It  had  been  our  practice  to 
perform  the  Wassermann  tests  on  this  blood  on  different  days,  thus 
introducing  unintentionally  the  factor  of  technical  variation  to  which 
Boas,  King,  and  others  have  called  attention.  When  it  was  definitely 
decided  to  make  a  study  of  a  series,  the  procedure  was  modified  in  a 
limited  number  of  cases,  through  the  cooperation  of  Sanford,  so  that 
four  different  antigens  were  used  for  a  time  in  the  performance  of  these 
Wassermann  tests,  and,  so  far  as  possible,  the  blood  drawn  just  before 
injection  and  two  or  three  of  the  bloods  drawn  after  injection  were  run 
on  the  same  day. 

The  routine  Wassermann  technic  of  the  Clinic,  carried  out  under 
the  direction  of  Sanford,  employs  one  Noguchi  antigen  and  a  rabbit- 
human  hemolytic  system,  guinea-pig  complement,  and  fresh,  active 
patient's  serum,  with  the  usual  controls.  When  more  than  one  anti- 
gen was  employed,  two  alcoholic  extracts  of  syphilitic  liver,  a  stock 
Noguchi  antigen,  and  an  alcoholic  antigen,  reinforced  with  0.4  per  cent 
cholesterin,  were  employed.  Two  antigens  adapted  to  other  systems 
but  tried  out  in  the  laboratory  at  this  time  were  found  to  be  anticom- 
plementary in  the  dilutions  used  and  the  results  discarded,  which 
accounts  for  the  gaps  in  the  four-antigen  series  (Table  1). 

In  common  with  a  number  of  clinicians,  one  of  us  (Stokes)  had  been 
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impressed  with  the  provocative  effect  upon  the  Wassermann  reaction 
of  a  single  dose  of  salvarsan,  by  a  case  in  private  practice  in  which  a 
Wassermann,  frankly  negative  by  one  serologist  (using  five  antigens) 
and  faintly  positive  by  another,  had  become  a  two  plus  with  one  antigen 
forty-eight  hours  after  injection  of  0.3  gm.  neosalvarsan,  and  three  plus 
with  two  antigens  seventy-two  hours  after  injection,  the  second  result 
being  confirmed  by  a  third  serologist.  The  patient  gave  a  positive 
history,  and  under  treatment  became  entirely  negative.  Isolated 
examples  of  this  type  are  probably  fewer  in  number  than  they  would 
be  if  a  strict  technic  could  be  followed  in  all  cases.  In  our  experience 
in  this  series  the  reversal  of  the  Wassermann  seems  to  occur  rather 
abruptly  in  many  cases,  so  that  a  twenty-four-hour  interval  in  drawing 
the  blood  is  too  long  to  get  the  finer  gradations  in  intensity  of  the 
reaction  which  may  be  shown  by  very  sensitive  antigens.  On  the  other 
hand,  our  series  suggests  that  some  of  these  finer  gradations  may  be  a 
function  either  of  the  technic  or  of  variations  in  the  behavior  of  the 
reagents,  and  for  that  reason  must  be  interpreted  with  caution.  We 
desire  to  add  to  the  criteria  already  summarized  by  King  the  opinion 
that  a  careful  study  of  the  results  obtained  by  the  serologist  performing 
the  tests  is  an  integral  part  of  the  interpretation.  Such  an  evaluation 
of  the  Wassermann  furnishes  interesting  indirect  evidence  as  to  the 
existence  or  non-existence  of  provocative  effects,  even  when  the  test 
itself  a^  conventionally  performed  leaves  uncertainties  which  impair 
its  validity. 

In  estimating  the  trend  of  the  Wassermann  technic  in  accordance 
with  this  belief,  we  had  available,  through  Sanford,  the  reports  of  72 
repeated  Wassermann  tests  in  untreated  cases,  each  performed  within 
the  average  period  of  time  occupied  by  a  provocative  procedure  and 
occurring  among  approximately  8000  tests.  These  had  been  requested 
by  clinicians  for  the  confirmation  of  the  first  finding,  some  as  a  matter 
of  routine  and  others  because  the  test  seemed  to  conflict  with  clinical 
expectation,  or,  as  in  latent  cases,  came  as  a  surprise  to  the  clinician. 

Of  the  72  repeated  tests,  25  (34.7  per  cent)  showed  a  reversal  of  the 
first  finding  by  the  second.  Of  these  reversab,  8  (4.2  per  cent)  were 
from  negative  to  positive  (in  the  direction  of  the  provocative)  and  22 
(30.5  per  cent)  were  from  positive  to  negative  (against  the  provocative), 
including  reversals  from  weak  positive  to  negative.  In  other  words, 
the  tendency  of  the  Wassermann  as  carried  out  in  the  Clinic  was  30  in 
100  against  the  production  of  provocative  effects,  as  compared  with  4 
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in  100  in  the  other  direction,  since  in  the  former  percentage  of  cases  the 
mere  repeating  of  the  test  was  likely  to  convert  even  a  previous  positive 
into  a  negative,  rather  than  the  reverse.  A  variation  of  this  type  where 
a  large  number  of  Wassermanns  are  being  performed  should  be  inter- 
■  preted  as  an  eminently  conservative  tendency  which  results  in  the 
production  of  more  negatives  than  positives  in  suspected  cases.  Prob- 
ably both  factors  are  concerned,  as  shown  by  the  analysis  of  the  reversals 
by  days.  It  may  be  stated  in  general,  however,  that  it  is  the  experience 
in  the  Mayo  Clinic  that  the  Wassermann  as  here  performed  is  conserva- 
tive, and  is  more  likely  to  return  negatives  than  positives  in  the  face  of  a 
reasonable  clinical  expectation  of  syphilis. 

Of  the  25  reversals  occurring  on  15  pairs  of  days,  13  (58  per  cent) 
could  be  grouped  as  occurring  on  4  pairs  of  days.  The  percentage  to 
be  expected  pro  rata  in  these  four  days  would  be  only  28.5,  AU  these 
reversals  were  from  positive  to  negative,  so  that  none  of  them  could 
have  played  the  rdle  of  positive  provocatives.  On  one  of  these  days 
two  weak  and  three  strong  positives  were  reversed  to  negative,  and  yet 
in  spite  of  this  apparently  negative  tendency  on  the  second  day,  one 
provocative  injection  fell  positive.  On  another  pair  of  days,  in  which 
three  reversals  from  positive  to  negative  occurred,  two  provocative  in- 
jections fell  negative  on  the  day  of  supposed  negative  tendencies.  We 
were  unable  to  find  any  evidence  that  on  the  days  of  supposedly  positive 
tendencies  a  tendency  to  produce  positive  provocative  results  occurred, 
but  on  one  day  of  positive  tendencies  a  Wassermann  which  had  been 
positive  three  days  before  was  reversed  to  negative.  It  seems  evident 
from  these  Bgures  that  a  number  of  factors  are  at  work,  in  part  inherent 
in  the  technic  and  reagents,  as  suggested  by  Haller's  and  Boas'  results, 
and  in  part  concerned  with  changes  in  the  patient's  serum  as  suggested 
by  Craig.  It  seems  fully  as  apparent  that  there  is  a  variation  in  the 
technic  of  a  competent  serologist  which  must  be  a  factor  in  provocative 
procedures  undertaken  with  his  cooperation.  For  that  reason,  as 
already  stated,  it  is  imperative,  in  estimating  the  value  of  a  provocative, 
that  the  trend  of  the  serologist's  technic  should  be  thoroughly  imder- 
stood.  It  is  Sanford's  intention  to  do  a  Wassermann  which  will,  if 
anything,  err  in  returning  negatives  in  syphilitics  rather  than  positives 
in  non-syphilitics;  and  his  use  of  the  less  highly  fortified  antigens,  the 
general  experience  of  the  Clinic  with  the  Wassermann  performed  in  his 
laboratories,  together  with  the  results  of  the  examination  described 
here,  all  entitle  his  technic  to  be  regarded  as  conservative.     The  value 
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of  a  reversal  from  negative  to  positive  under  a  provocative  procedure 
done  with  hb  coJ5peration  is,  therefore,  entitled  to  correspondingly 
greater  weight. 

Direct  Examination  of  the  Provocative  Proceditre 
Our  efforts  to  satisfy  ourselves  of  the  existence  of  such  a  change  in 
complement-fixing  power  as  the  positive  provocative  Wassermann  rep- 
resents have  not  been  entirely  satisfactory,  in  that  our  conception  of 
what  constitutes  rigid  criteria  was  not  reached  until  a  number  of  results 
had  accumulated,  and  the  effort  to  try  out  the  effect  of  a  number  of 
antigens  and  daily  tests  on  the  procedure  overtaxed  our  facilities  so  that 
some  confusion  and  partial  results  ensued.  The  occasions  on  which 
blood  was  drawn  and  tested  just  before  the  salvarsan  was  given  and  for 
several  days  after  all  happened  to  be  negative  provocative  tests,  the 
results  before  and  after  salvarsan  agreeing  in  being  negative  to  all 
antigens  used,  when  done  on  the  same  day.  We  are,  therefore,  left 
with  the  perplexing  feeling  that  while  there  may  be  a  provocative  effect, 
and  that  a  variety  of  considerations  point  to  it,  we  have  been  unable  to 
prove  its  existence  beyond  doubt  with  the  facilities  at  our  command. 
The  demonstration  of  the  value  of  the  test  can  be  made  only  by  the 
use  of  methods  which  would  be  too  elaborate  to  be  applicable  to  average 
clinical  conditions  considering  the  amount  of  information  which  the  test 
is  likely  to  supply  for  purposes  of  diagnosis.  The  chief  particular  in 
which  our  more  carefully  worked-out  positive  results  do  not  conform  to 
the  strictest  requirement  is  that  pointed  out  by  King,  that  the  blood 
drawn  just  before  salvarsan  should  be  examined  at  the  same  time  and 
with  the  same  reagents  as  the  blood  drawn  after  it.  Nevertheless,  the 
five  positive  provocative  tests  represented  in  Table  I  are  suggestive. 
The  patient  (Case  184981)  in  particular  exhibited,  in  addition  to  his 
serologic  changes,  a  local  Herxheimer  reaction  in  the  grouped  follicular 
recurrent  syphilid  of  the  buttock  which  he  presented  at  the  time  of  his 
examination.  The  lesions  then  healed,  leaving  scars.  He  gave  a  history 
of  a  genital  lesion  fourteen  years  before;  no  secondaries  were  observed 
and  local  treatment  only  was  given.  The  remaining  patients,  except 
one,  presented  suspicious  histories  or  findings  which  were  not  clear  cut. 

Case  177785.- — Diagnosed  clinically  as  pernicious  anemia.  Atypical 
as  to  blood  findings  and  with  central  nervous  system  changes  which 
suggested  early  tabes.  He  had  given  a  weak  positive  Wassermann  five 
weeks  before  the  provocative,  and  a  negative  seven  days  before  injec- 
tion.    The  provocative  effect  outlined  in  the  chart  was  followed  by  a 
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negative  six  weeks  later.  A  striking  subjective  improvement  occurred, 
but  should  be  interpreted  with  caution  since  only  salvarsan  was  used, 
and  the  effect  may  have  been  due  entirely  to  arsenic. 

Case  95838. — ^The  wife  of  a  syphilitic  patient,  anemic  and  below  par. 
Husband  with  positive  Wassermann  had  married  her  two  years  after 
an  untreated  infection.  Aphonia  lasting  some  weeks.  Two  negative 
Waasermaons  on  previous  occasions.  Provocative  effect  followed  by  a 
complete  negative  on  the  ninth  day.  with  a  striking  improvement  under 
mercury. 

Case  183729. — Diplopia  with  right  external  rectus  paralysis.  His- 
tory of  gonorrhea  from  first  husband.  Two  years  later,  transient  di- 
plopia: no  symptoms  during  intervening  time.  Five  years  previously 
diplopia  and  strabismus  reappeared  and  have  been  permanent;  no 
other  explanation  than  lues  apparent.  Spinal  puncture  not  obtained. 
Nothing  else  on  which  to  base  a  diagnosis  of  syphilis.  The  patient  was 
negative  as  late  as  the  tenth  day  after  the  one-antigen  positives  on  the 
first  and  third  days.  No  change  under  therapy.  Clinically  we  regard 
this  case  as  unconfirmed,  though  suspicious. 

Case  186777. — Definite  history  of  old  infection,  with  much  treat- 
ment. Mental  condition  suggested  an  early  paresis,  but  the  neurologic 
findings  were  too  indefinite  on  which  to  base  a  diagnosis.  Puncture 
refused.     No  therapeutic  test. 

The  antigen  responsible  for  the  majority  of  the  positives  above  de- 
scribed was  a  cholesterinized  alcoholic  syphilitic  liver  antigen.  This 
antigen,  together  with  one  of  the  stock  acetone-insoluble  fraction  antigens 
of  the  laboratory,  had  proved  very  sensitive  in  picking  out  suspicious 
cases  which  were  negative  to  the  ordinary  technic.  It  remains  a  ques- 
tion in  our  minds,  however,  whether  the  possibility  of  false  positives  as 
suggested  by  such  cases  as  No.  183729  is  not  too  serious  to  discourage 
the  interpretation  of  a  positive  with  only  one  antigen  in  four  as  evidence 
of  syphilis. 

In  only  one  of  our  series  of  nineteen  positive  provocatives  done  with 
one  antigen  was  there  any  evidence  of  a  gradual  increase  in  the  strength 
of  the  complement-fixing  power  of  the  serum,  as  evidenced  by  a  weak, 
followed  by  a  strong,  positive  after  salvarsan.  In  this  case  (Case  177564), 
a  woman  with  gastric  crises,  a  negative  test  four  days  before  salvarsan 
was  changed  to  a  weak  positive  three  days  after,  followed  by  a  strong 
positive  on  the  seventh  day.  Another  patient  (Case  179741)  with  earlj' 
tabes  and  a  history  of  five  injections  of  salvarsan  and  ten  of  a  mereurial 
salt  intramuscularly  was  negative  eight  days  before  injection,  weak 
positive  on  the  sixth  day  after,  and  again  negative  on  the  ninth  day. 
Cases  of  this  type  are  merely  suggestive,  not  conclusive,  and,  as  has  been 
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previously  pointed  out,  form  the  basis  for  the  doubts  expressed  as  to 
the  existence  of  a  provocative  effect  because  of  their  known  occurrence 
under  other  circumstances.  We  feel,  however,  that  the  conservative 
tendency  of  the  technic  employed,  as  evidenced  in  our  comparative 
figures,  entitles  such  data  to  consideration  in  weighing  the  probabilities. 

We  believe  that  our  direct  data,  as  presented  herein,  while  not  abso- 
lutely conclusive,  offer  strong  presumptive  evidence  that  a  change  in  the 
complement-binding  power  of  negative  syphilitic  serums  can  be  secured 
in  a  certain  percentage  of  cases  by  the  administration  of  an  abrupt 
therapeutic  shock,  so  to  speak,  in  the  form  of  an  injection  of  salvarsan. 
The  mechanism  of  such  an  effect  can,  in  the  present  state  of  our  knowl- 
edge of  the  immunology  of  syphilis,  be  regarded  only  as  a  matter  for 
conjecture. 

Granted,  then,  for  the  time  being,  that  a  provocative  effect  exists, 
the  following  results  may  be  presented  as  indicating  the  place  which 
such  a  procedure  should  hold  in  the  diagnosis  of  obscure  syphilis.  In 
considering  the  available  material,  data  were  gathered  on  relation  of  the 
provocative  to  clinical  signs  of  syphilis,  to  the  history  of  the  disease,  to 
the  stage  and  type  pf  syphilis,  on  the  confirmation  of  the  provocative 
test  by  the  therapeutic  test,  and  on  the  comparative  value  of  the  latter 
as  a  means  of  recognizing  suspected  cases.  In  estimating  the  efficiency 
of  therapeutic  tests,  a  liberal  allowance  was  made  for  the  recognized 
tonic  effects  of  an  arsenical  preparation  such  as  salvarsan,  especially 
in  conditions  like  suspected  pernicious  anemia  and  the  tuberculids,  in 
which  arsenic  is  known  to  be  of  value.  It  may  not  be  out  of  place  to 
state  that  for  us  a  therapeutic  test  does  not  mean  the  administration  of 
iodids,  or  the  desultory  or  inefficient  use  of  mercunals.  Our  average 
therapeutic  test  includes  three  weeks  of  vigorous  mercurialization  with 
weekly  injections  of  salvarsan  if  not  contraindicated.  the  administration 
of  the  mercury  being  intramuscular,  usually  as  a  soluble  salt,  or  by  the 
vigorous  use  of  inunctions. 

The  Positive  Provocative  Test 
Of  103  provocative  tests,  19  (18.4  per  cent)  showed  a  reversal  of 
the  Wassermann  from  negative  to  positive.  This  finding  should  be 
considered  in  the  light  of  the  comparisons  with  the  repeated  Wasser- 
manns,  in  which  it  was  suggested  that  the  tendency  of  the  technic  to 
turn  negatives  into  positives,  unaided  by  a  provocative  injection, 
was  only  4.2  per  cent.  If  an  injection  of  salvarsan  can  convert  a  30.5 
per  cent  tendency  against  a  positive  into  an  18.4  per  cent  tendency  in 
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favor  of  a  positive,  it  would  seem  to  have  a  place  as  a  diagnostic  proce- 
dure. 

Of  the  cases  shoving  positive  provocative  tests,  26.3  per  cent  pre- 
sented no  objective  clinical  signs  calculated  to  arouse  the  suspicion  that 
the  patient  waa  syphilitic.  Of  the  positive  provocative  cases,  73.7  per 
cent  of  the  patients  showed  clinical  signs  which  could  be  regarded  as 
suspicious.  In  no  one  of  the  positive  cases  were  the  signs  so  indubitable 
that  the  provocative  could  be  regarded  as  unnecessary  or  merely  con- 
firmatory. Typical  examples  of  such  groups  of  symptoms  are  found  in 
sluggish  pupils  and  indefinite  gastric  symptoms  in  the  absence  of  definite 
stomach  findings;  periostitis  of  the  sternum  with  enlargement  of  the 
liver,  aphonia  with  slight  anemia,  etc. 

A  definite  history  of  syphilis,  interpreted  to  mean  a  reasonably  clear 
account  of  primaiy  and  secondary  manifestations,  was  given  in  57.8 
per  cent  of  the  positive  provocative  cases.  Suspicious  histories,  such  as 
miscarriages,  infected  husband,  etc.,  were  given  in  31.5  per  cent.  No 
history  whatever  could  be  elicited  in  10.7  per  cent.  _  In  no  instance  was  a 
provocative  undertaken  in  the  absence  of  both  history  and  clinical  signs. 

The  duration  of  infection  ranged  from  one  to  eighteen  years,  with  an 
average  of  ten  years.  Two  provocative  tests  were  positive  in  patients 
giving  a  definite  history  of  well-treated  infection,  but  no  ^gns  where  the 
test  was  intended  to  determine  the  need  for  further  therapy.  Since  this 
constitutes  a  positive  result  in  one-third  of  the  cases  in  which  we  used 
the  provocative  procedure  for  this  purpose,  we  believe  the  test  has 
distinct  value  in  determining  the  status  of  a  patient  under  treatment. 
The  Wassermann  histories  in  general  were  unsatisfactory.  Four  pa- 
tients who  gave  histories  of  having  previously  been  positive  elsewhere 
became  positive  again  after  a  negative  in  this  Clinic. 

The  therapeutic  test  yielded  figures  of  special  interest,  which  it  is 
our  purpose  to  emphasize.  Of  the  total  number  showing  positive  pro- 
vocative effects,  the  therapeutic  test  confirmed  the  serologic  finding  in 
80  per  cent  of  16  patients  that  were  treated.  In  40  per  cent  the  thera- 
peutic was  rated  as  doubtful  or  negative  (6.7  per  cent)  and  contributed 
nothing  further  to  the  diagnosis.  The  doubtful  therapeutic  tests  in- 
cluded such  cases  as  one  patient  with  possible  syphilitic  anemia  simu- 
lating jwrnicious  anemia,  treated  with  salvarsan,  one  with  a  history  and 
previous  antisyphilitic  treatment  but  no  signs,  two  undoubted  syphilitics, 
one  of  whom  had  had  so  much  recent  treatment  that  little  effect  was  to 
be  expected,  and  the  other  so  late  and  unfavorable  that  not  much  could 
be  accomplished. 
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Previous  treatment  had  been  administered  in  45  per  cent  of  the 
patients  showing  a  provocative  effect,  and  55  per  cent  had  had  no  treat- 
ment. Two  patients  had  been  taking  pills  practically  until  their  ar- 
rival. Of  five  who  had  had  a  fair  combined  treatment  with  mercury 
and  salvarsan,  three  (60  per  cent)  were  recognized  only  by  the  more 
sensitive  antigens  used.  Two  of  these  three  were  clinically  suspicious, 
however,  at  the  time.    ■ 

The  cases  showing  positive  provocative  effects  were  distributed  as 
follows:  Syphilis  of  the  mucous  membranes  (late),  4  cases;  of  the  skin, 
3  cases;  of  the  osseous  system,  1;  of  the  central  nervous  system,  3;  of 
the  vascular  system,  1 ;  latent  cases,  4 ;  type  uncertain,  8. 

The  Negative  Provocative  Test 

Of  the  lOS  provocative  tests  performed,  84  (81.6  per  cent)  showed 
no  change  in  the  negative  Wassermann  as  the  result  of  an  injection  of 
salvarsan.  Of  these  84  cases,  82.2  per  cent  were  clinically  negative,  and 
67.8  per  cent  clinically  suspicious.  It  will  be  noticed  that  the  tendency 
to  a  negative  provocative  is  paralleled  by  fewer  evidences  of  syphilis. 
Only  17.2  per  cent  of  patients  with  negative  provocatives  gave  definite 
histories  of  primary  and  secondary  manlfeatatioos  as  compared  with 
57.8  per  cent  among  the  positive  cases.  In  52.8  per  cent  suspicious  his- 
tories were  obtained,  a  slightly  larger  proportion  than  among  the  posi- 
tive cases.  No  suggestive  history  could  be  given  by  30.2  per  cent  as 
compared  with  10.7  per  cent  among  the  positive  cases.  The  greater 
indefiniteness  of  history  and  findings  in  the  negative  group,  to  be  ex- 
pected under  the  circumstances,  is  apparent. 

The  therapeutic  test  again  affords  interesting  figures.  Twenty- 
three  patients  received  the  benefit  of  a  therapeutic  test,  and  of  this 
number,  in  spite  of  the  failure  of  the  provocative  injection  to  reverse  the 
negative  Wassermann,  85.2  per  cent  showed  improvement  striking 
enough  to  clinch  the  diagnosis.  This  parallels  the  60  per  cent  among 
the  positive  provocative  cases,  but  is  more  significant  because  it  made, 
instead  of  merely  confirming,  the  diagnosis.  In  34.8  per  cent  the  nega- 
tive result  of  the  provocative  test  was  confirmed  by  the  absence  of  im- 
provement under  therapy.  The  therapeutic  test  was  rated  as  doubtful 
in  18.3  per  cent  of  the  total  number  of  negative  provocative  tests  per- 
formed. A  therapeutic  test  was  advised  in  43  and  carried  out  in  23,  or 
58.5  per  cent.  In  51.2  per  cent  of  the  patients  giving  a  negative  result 
on  provocative  injection,  the  result  was  accepted  as  eliminating  the 
possibility  of  syphilis  in  conjunction  with  the  lack  of  definite  findings. 
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Cases  of  this  type  included  histories  of  sexual  exposure  with  neurotic 
and  syphilophobic  symptoms;  selected  cases  of  obscure  arthritic  mani- 
festations without  other  evidence  of  syphilis;  cases  of  epilepsy  with  one 
or  two  suggestive  points  in  the  family  history,  hut  no  stigmas;  cases 
with  histories  of  a  previous  positive  Wassermann  from  unreliable  source, 
without  adequate  clinical  reason  for  suspecting  syphilis;  mental  deviates 
and  constitutionally  subnormal  persons  presenting  no  definite  stigmas 
of  heredosyphilis;  patients  with  perforated  nasal  septum,  with  backache 
and  negative  x-ray;  women  with  a  series  of  miscarriages  without  other 
evidence  of  syphilis  in  history  or  examination ;  husbands  or  wives  whose 
partners  were  syphilitic  but  who  themselves  presented  no  signs  of  the 
disease. 

It  is,  of  course,  impossible  to  fit  all  types  of  cases  into  one  rule  in 
deciding  the  finality  of  a  negative  provocative  procedure.  It  should 
be  recalled  that  our  fully  developed  techntc  called  for  five  Wassermann 
tests  over  a  period  of  from  seven  to  ten  days,  so  that  in  no  case  was  a 
single  negative  accepted  as  evidence  of  the  absence  of  syphilis.  In 
many  of  the  negative  cases  in  which  no  therapeutic  test  was  indicated, 
the  patients  were  advised  to  repeat  the  Wassermann  at  the  end  of  three 
months  or  more. 

The  cases  in  which  no  provocative  effect  could  be  secured  included 
1  of  late  syphilis  of  the  mucous  membranes,  2  of  cutaneous  late  syphilis, 
4  of  osseous  syphilis,  9  of  central  nervous  system  involvement,  2  of 
vascular  syphilis,  two  of  heredosyphilis,  6  latent  cases,  and  58  which 
could  be  rated  as  so  doubtful  that  a  diagnosis  of  syphilis  could  not  have 
been  made  without  a  positive  Wassermann  reaction.  In  only  18  per 
cent  of  the  negative  cases  after  a  general  examination  did  we  feel  that 
the  diagnosis  could  be  made  clinically  and  that  the  provocative  pro- 
cedure requested  by  the  general  clinician  was  merely  confirmatory. 

Combined  Results 
Summarizing  the  results  for  our  entire  series,  we  find  that  69  per 
cent,  or  more  than  two-thirds  of  patients  on  whom  provocative  pro- 
cedures were  undertaken,  showed  clinically  suspicious  signs  of  syphilis. 
A  fourth  of  thera  (25.2  per  cent)  gave  definite  histories  of  primary  and 
secondary  lesions,  half  of  them  (48.4  per  cent)  presented  suspicious  facts 
in  their  histories,  and  the  remaining  fourth  (26,4  per  cent)  could  give  no 
significant  history.  Two-thirds  (63.1  per  cent)  of  those  treated  (88  in 
103)  had  their  diagnosis  made  or  confirmed  by  a  therapeutic  test,  and 
two-thirds  of  these  were  from  among  those  whose  provocative  test  was 
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negative,  makiDg  Uierapy  the  last  diagnostic  resort  (excluding  in  a  small 
percentage  the  possible  results  of  Iuml>ar  puncture) .  Three-fourths  of 
all  the  cases  on  which  we  had  data  (76)  had  been  treated,  one-fourth  had 
not.  The  percentage  of  cases  previously  treated  was,  if  anything,  a 
little  higher  among  those  showing  positive  provocative  effects  than 
among  those  showing  negative  results  (44.5  per  cent  as  against  32.8 
per  cent)  (Table  «). 

TABLE  «.— SUMMARY  OF  CUNICAL  RESULTS 
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With  reference  to  the  value  of  the  provocative  procedure  in  different 
types  of  syphilitic  manifestations.  Table  3  summarizes  the  results  of 
our  series. 
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Combining  certain  of  these  results,  it  appears  that  in  only  27  per  cent 
of  cases  is  the  provocative  procedure  likely  to  be  of  use  in  identifying 
active  deep-seated  visceral,  osseous,  or  central  nervous  system  syphilis. 
Its  efficiency  rises  to  40  per  cent  in  latent  cases,  and  to  70  per  cent  in 
late  cutaneous  and  mucous  membrane  syphilis.  It  is  in  precisely  these 
last-mentioned  types  of  syphilis  that  it  is  least  likely  to  be  of  use,  since 
the  diagnosis  can  usually  be  made  by  a  syphilologist  from  the  morphol- 
ogy of  the  lesion.     It  appears,  therefore,  from  our  series,  that  the  re- 
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activation  of  a  negative  blood  WassermanD  for  purposes  of  diagnosis  is 
least  valuable  precisely  where  it  is  most  needed;  that  is,  in  obscure  vis- 
ceral, osseous,  and  central  nervous  system  syphiUs.  The  number  of  cases 
is,  of  course,  too  small  for  final  conclusions.  We  are  unable  to  estimate 
accurately  the  possibility  of  false  provocative  results,  since  in  three 
doubtful  cases  with  positive  results  strong  clinical  ground  still  existed^for 
susfiecting  syphilis,  although  the  cases  had  to  be  left  indeterminate. 

Discussion  of  Results 

From  our  study  of  the  provocative  effect  upon  the  Wassermann  test 
in  clinical  application,  we  feel  that  complete  proof  of  the  existence  of 
such  a  reaction  will  be  available  only  when  the  following  technic  has 
been  carried  out  in  a  number  of  cases.  Blood  should  be  drawn  at  more 
frequent  intervals  than  twenty-four  hours — perhaps  as  often  as  once  in 
three  or  four  hours — and  one-half  of  it  held  in  reserve  to  be  done  at  a 
single  sitting  while  the  other  half  is  examined  day  by  day.  Several 
antigens  should  be  used,  and  these  antigens  and  the  other  reagents  em- 
ployed should,  so  far  as  possible,  be  kept  constant  throughout  the  testa. 
A  series  of  bloods  should  be  examined  before  the  provocative  injection 
is  given  in  order  to  ascertain,  if  possible,  the  normal  behavior  of  the 
serum  to  be  examined  for  provocative  effects. 

We  have  not  been  impressed  with  the  necessity  for  continuing  the 
examination  of  the  blood  after  a  provocative  injection  beyond  the  tenth 
day.  If  possible,  two  serologists  should  work  together,  using  the  same 
reagents  to  determine  the  personal  equation  in  the  reaction.  It  is  only 
necessary  to  total  the  figures  for  the  number  of  single-antigen  Wasser- 
manns  which  would  have  to  be,  done  to  satisfy  these  none  too  exacting 
requirements,  to  realize  that  the  provocative  Wassermann  reaction  wilt 
not  soon  rest  upon  an  uncriticizable  foundation.*     We  had  abundant 

*  Six  bloods  drawn  in  twcDty-tour  hours  od  each 

case  fur  three  days IS  aingle-aDtigen  WaMcnnuui  testa 

Two  bloods  drawn  each  twenty-four  boun  on 
each  case  tor  seven  days 14      "  "  "  " 
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Dividing  each  blood  between  two  serologists  ..  Its  "  "  "  " 
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Total 101      " 

Our  experience  indicates  that  ooe  case  in  five  will  funu«h  a  positive  effect.    Tlie 
.  .stigator  may,  therefore,  unless  fortune  favors  him,  have  to  provide  for  tSOO  t 
antigen  teati  before  securing  one  provocative  effect  completely  worked  out.    This 
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vestigator  may,  therefore,  unless  fortune  favors  him,  have  to  provide  for  tSOO  nngfe- 
U  before  securing  one  provocative  effect  completely  worked  out.  Tbis  tuea 
ot  the  Wassermanos  that  should  be  done  on  the  serum  before  piovocktive  in- 
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reason  to  appreciate  the  almost  insurmountable  difiSculties  in  the  way  of 
an  absolutely  controlled  procedure  in  the  course  of  our  own  work. 

The  precise  nature  of  the  provocative  effect,  if  such  exists,  could  not 
be  determined  from  our  studies.  We  feel  that  there  is  reason  to  doubt 
whether  it  is  comparable  to  the  clinical  Jarisch-Herxheimer  reaction  as 
suggested  by  our  patient  (Case  184981).  Several  of  our  patients  who 
remained  negative  on  the  blood  showed  a  aymptomatic  Herxheimer 
reaction.  This  was  especially  marked  in  patients  with  syphilitic  peri- 
ostitis, in  which,  after  a  marked  exacerbation,  the  pain  promptly  dis- 
appeared. A  local  Herxheimer  reaction  was  especially  conspicuous  in  a 
periostitis  of  the  upper  third  of  the  sternum  (Case  185869)  which,  never- 
theless, remained  Wassermann  negative,  and  cleared  up  subsequently 
under  mercury  and  iodids. 

We  were,  in  fact,  impressed  on  several  occasions  with  the  value  of 
the  Herxheimer  reaction  as  a  corroborative  sign,  even  when  the  provo- 
cative procedure  had  failed,  and  considered  it  an  indication  for  a  thera- 
peutic test.  Unfortunately,  exact  notes  were  not  kept  on  this  point, 
so  that  an  estimate  of  its  value  will  have  to  be  deferred  to  a  later  study. 
Its  value  in  syphilitic  periostitis  has  been  herein  noted. 

The  most  interesting  and  suggestive  result  of  the  entire  study  to 
us  was  the  demonstration  of  the  efficiency  of  the  properly  performed 
therapeutic  test  as  a  means  of  diagnosis  in  obscure  syphilis,  and  its 
obvious  superiority  to  the  provocative  procedure.  We  were  also  im- 
pressed by  the  parallelism  between  the  percentage  of  patients  who  were 
dinically  suspicious  of  syphilis  (68.9  per  cent)  and  the  percentage  proved 
to  be  syphilitic  by  an  effective  therapeutic  test  (63.1  per  cent).  It 
seems  from  these  figures,  as  well  as  from  the  failure  to  secure  provocative 
effects  among  cases  in  which  there  was  serious  doubt  of  the  existonce  of 
an  infection,  that  clinical  signs  are  the  basic  fact  in  the  diagnosis  of 
syphilis.  Their  confirmation  by  therapeutic  test  was,  in  our  series, 
greatly  superior  to  an  effort  at  diagnosis  by  provocative  procedure. 
The  efficiency  of  the  provocative  test  in  our  series  is  approximately  18 
per  cent;  that  of  the  therapeutic  test  in  the  cases  on  which  it  waa  tried 
was  60  per  cent — a  difference  amounting  to  4*  more  chances  in  one 
hundred  of  clinching  the  diagnosis  by  therapy  than  by  provocative. 
From  our  study  of  this  series  we  should  rate  a  thoroughgoing  clinical 
examination  first  as  a  means  of  disclosing  the  presence  of  syphilis.  A 
strong  suspicion  on  examination,  unconfirmed  by  Wassermann,  will  have 
18  per  cent  further  prospect  of  confirmation  by  provocative,  and  the 
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following  of  the  negative  provocative  by  a  therapeutic  test  will  give  at 
least  an  additional  42  per  cent  prospect  ^  identifying  the  trouble  Em- 
phasis should  be  laid  on  the  meaning  of  a  clinical  examination,  which 
should  include  a  carefully  taken  history  and  the  study  of  tiie  patient, 
at  least  from  the  point  of  view  of  the  internist,  the  dermatologist,  the 
ophthalmologist,  the  neurolo^st,  and  the  otolaryngologist  before  a  final 
decision  is  reached. 

In  the  foregoing  presentation  we  have  indicated  in  a  negative  way, 
rather  than  a  positive,  what  we  regard  as  the  indications  for  a  provoca- 
tive test  and  for  subsequent  application  of  a  therapeutic  test,  by  detail- 
ing the  types  of  cases  which  were  clinically  doubtful  with  negative  pro- 
vocative tests.  In  general  it  may  safely  be  said  that  the  provocative 
should  not  become  a  routine  accessory  of  the  negative  Wassermann  re- 
action in  the  absence  of  good  clinical  ground  for  suspecting  syphilb, 
since  the  percentage  of  positives  in  such  cases  seems  to  be  so  small  as 
not  to  justify  the  procedure. 

While  it  is  impossible  to  lay  down  the  indications  for  a  provocative 
procedure,  and  its  limitations  in  cases  in  which  it  is  most  needed  have 
been  suggested  in  our  results,  we  are  accustomed  to  regard  the  following 
as  indications,  in  addition  to  the  more  obviously  clinical  symptoms  of 
the  disease  when  occurring  with  a  negative  Wassermann: 

1.  A  definite  history  of  primary  or  secondary  lesions  or  a  suspicious 
genital  sore  of  any  description. 

1.  Syphilis  in  husband  or  wife  or  a  history  of  a  sore  in  either. 

3.  Treated  cases  to  determine  the  fact  of  cure  or  need  for  further 
treatment.  One-third  of  the  cases  thus  tested  by  us  gave  a  positive 
provocative  effect. 

4.  Obscure  bone  and  joint  lesions. 

5.  Histories  of  miscarriages  unless  the  anatomic  cause  is  glaringly 
obvious. 

6.  Mothers  of  syphilitic  children  without  clinical  signs  of  the  diseaae. 

7.  Cases  with  a  history  of  a  positive  Wassermann  elsewhere,  negative 
on  present  examination. 

8.  Mental  deviates  and  constitutionally  inferior  persons  with  suspi- 
cious histories. 

9.  Certain  signs  elicited  by  the  special  examinations,  such  as  de- 
creased bone  conduction  with  normal  hearing,  chorioretinitis,  and  retini- 
tis pigmentosa,  bilateral  dacryocystitis  in  childhood,  etc. 

The  technic  of  the  provocative  test,  in  our  opinion,  should  include 


ey  Google 


WABSERBIANN  TEST  IN  CLINICAL  DIAGNOSIS   OF  SYPHILIS  607 

in  practice  a  Wassermann  with  several  antigens  done  on  blood  drawn 
at  the  time  of  injection,  and  on  blood  drawn  daily  thereafter  for  one 
week.  It  is  desirable  that  all  these  bloods  be  tested  at  one  sitting,  with 
the  same  reagents.  This  procedure  is  a  serious  tax  on  average  clinical 
laboratory  facilities,  but  we  believe  it  oifers  the  maximum  prospect  of 
success  within  the  limits  of  clinical  applicability.  With  the  use  of  mer- 
cury intramuscularly  as  a*  provocative  agent  we  have  had  relatively 
little  experience,  although  we  have  seen  occasionally  apparently  posi- 
tive provocative  effects  secured  by  it.  In  a  large  clinic  with  a  special 
service  for  syphilis  the  salvarsan  provocative  is  so  much  more  expe- 
ditious and  compact  a  procedure  that  it  would  seem  the  method,  of 
election  wherever  it  can  be  used. 

It  is  not  our  purpose  in  thb  paper  to  consider  the  technic  and  clinical 
applicability  of  the  therapeutic  test  for  diagnosis  and  the  indications  for 
its  use  further  than  to  say  that  it  should  be  conducted  with  vigor,  tem- 
pered by  good  judgment,  and  not  consist  of  iodids  and  pills.  We  are 
inclined  to  believe,  from  our  experience  with  it  thus  far,  that  if  it  can  be 
applied  with  the  requisite  judgment  to  properly  selected  cases,  it  is  so 
much  more  valuable  than  the  provocative  procedure  that  it  should  take 
precedence  over  it  if  a  choice  is  necessary,  and  should  follow  it  if  the  re- 
sult of  the  provocative  test  is  negative  and  the  clinical  suspicion  strong. 

SUHHARY 

1.  From  a  study  of  103  cases  in  which  an  injection  of  salvarsan  was 
given  to  provoke  a  positive  Wassermann  after  a  negative  test,  presump- 
tive, but  not  conclusive,  evidence  of  the  existence  of  a  provocative  effect 
was  obtained. 

2.  A  knowledge  of  the  tendencies  aJid  limitations  of  the  Wassermann 
technic  employed  should  form  a  part  of  any  study  of  the  clinical  value 
and  interpretation  of  the  provocative  Wassermann  test. 

3.  Such  a  study  on  a  series  of  repeated  Wassermann  tests  in  the 
Mayo  Clinic  seemed  to  indicate  that  the  tendency  of  the  technic  was 
conservative  and  against  the  conversion  of  negative  into  positive  re- 
action without  the  administration  of  salvarsan. 

4.  It  seems  probable  that  both  individual  technical  variations  and 
variations  in  the  reagents  are  a  factor  in  the  results  in  addition  to  the 
provocative  effect. 

5.  Positive  provocative  effects  were  obtained  in  18.4  per  cent  of  103 
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6.  The  provocative  test  was  of  value  in  recognizing  as  insufficiently 
treated  two  out  of  six  cases  (33.S  per  cent)  in  which  it  was  applied  to 
determine  whether  a  cure  had  been  attained. 

7.  A  strictly  controlled  and  completely  worked-out  provocative 
procedure  involves  an  amount  of  labor  which  makes  it  clinically  inap- 
plicable, and  it  seems  probable  that  this  same  obstacle  will  keep  it  in  the 
field  of  presumptive  rather  than  conclusively  demonstrated  clinical 
phenomena  for  some  time  to  come. 

8.  The  provocative  test  in  our  series  seemed  to  be  of  the  least  service 
in  active  deep-seated  visceral,  osseous,  and  central  nervous  system  syph- 
ilis, where  it  was  most  needed,  fairly  efficient  (40  per  cent)  in  latent 
syphilis,  and  most  often  positive  in  late  cutaneous  and  mucous  mem- 
brane manifestations,  where  the  diagnosis  can  often  be  made  morpho- 
logically. 

d.  Our  results  do  not  suggest  that  the  provocative  is  entirely  a 
Herxheimer  reaction  phenomenon,  since  local  and  symptomatic  Hent- 
heimer  reactions  occurred  in  our  series  in  cases  in  which  no  provocative 
effect  could  be  recognized,  as  well  as  in  cases  showing  a  provocative 
effect.  It  is  possible,  however,  that  the  use  of  several  very  sensitive 
antigens  might  demonstrate  an  effect  not  detected  in  routine  procedure. 

10.  A  suggested  procedure  for  provocative  tests  is  given  elsewhere 
in  this  article  and  seems  to  us  to  represent  a  compromise  between  the 
clinical  impossibility  of  a  fully  controlled  procedure,  on  the  one  hand, 
and  partial  and  untrustworthy  methods,  on  the  other.  At  its  best  the 
test  yields  a  rather  small  return  for  the  amount  of  trouble,  and  if  over- 
elaborate,  is  subject  to  the  same  risk  of  error  as  the  oversensitive  Was- 
sermann  test. 

11.  Certain  special  indications  for  the  provocative  procedure  are 
enumerated  elsewhere  in  this  article. 

12.  The  percentage  of  patients  whose  syphilis  was  suspected  from 
clinical  examination  ran  parallel  to  the  percentage  shown  to  be  syphilitic 
by  therapeutic  test,  and  far  in  advance  of  the  number  shown  to  be  syphi- 
litic by  the  provocative  test. 

13.  The  therapeutic  test,  properly  applied  to  suitable  coses,  would 
seem  to  be  of  more  value  in  clinical  diagnosis  of  obscure  syphilis  than  the 
provocative  Wassermann  test. 

14.  Positive  therapeutic  effects  were  obtained  in  63.1  per  cent  of  38 
cases,  and  in  63.i  per  cent  of  83  cases  in  which  the  provocative  test  had 
failed  to  establish  the  presence  of  syphilis. 
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15.  The  provocative  Wassermann  would  seem  to  be  of  little  value  in 
the  absence  of  clinical  evidence  of  the  disease,  and  to  be  inferior  both  to 
clinical  judgment  and  the  therapeutic  test  in  the  recognition  of  obscure 
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CERTAIN   TECHNICAL    REFINEMENTS    IN 
METHODS  OF  INTRAVENOUS  INJECTION* 


The  administration  of  salvarsan  does  not  ordinarily  appeal  to  practi- 
tioners as  an  affair  of  special  technical  detail,  and,  as  ordinarily  per- 
formed, it  probably  does  not  answer  to  that  description.  It  was,  there- 
fore, with  considerable  interest  that  I  heard  one  of  the  speakers  at  the 
recent  meeting  of  the  Public  Health  Administration  Section  of  the  Amer- 
ican Public  Health  Association  comment  on  the  effect  which  multiple 
punctures,  incisions,  infiltrated  arms,  and  other  accompaniments  of  an 
unsuccessful  and  amateurish  intravenous  technic  have  on  patients  for 
whose  treatment  repeated  salvarsan  injections  constitute  a  desideratum 
from  both  the  medical  and  social  standpoints.  I,  myself,  have  been 
impressed  from  time  to  time  with  the  undesirableness,  from  the  technical 
standpoint  alone,  of  committing  to  the  care  of  inexperienced  interns, 
house  physicians,  and  practitioners,  the  salvarsan  therapy  of  syphilis. 
Even  the  poor  can  scarcely  be  expected  to  submit  with  good  grace  to 
repeated  barbarities  offered  in  the  name  of  medicine.  In  easy  cases  al- 
most any  technic  suffices.  But  in  difficult  cases,  to  give  injection  aft£r 
injection  into  a  single  available  vein  concealed  below  a  cushion  of  fat, 
without  resorting  to  incision  to  reach  it,  becomes  a  technical  accomplish- 
ment of  no  small  magnitude. 

On  my  own  service  there  has  been  gradually  worked  out  a  technic 
which,  in  our  hands  at  least,  has  greatly  reduced  the  percentage  of 
technical  error.  The  requirements  of  this  service  from  the  standpoint 
of  technical  ability  are  high,  since  the  clientele  consists  of  pay  patients 
of  at  least  average  intelligence,  and  with  quite  definite  conceptions  of 
the  type  of  service  they  should  receive  from  a  specialist.  About  four 
thousand  injections  of  salvarsan  are  now  being  given  yearly,  which  makes 
the  pressure  of  the  work  such  that  the  technic  must  be,  not  only  smooth, 
but  rapid,  and  yet  free  from  slap-dash  and  short-cuts  for  the  sake  of 
*  Reprinted  from  the  Medical  Record,  1917,  xiii,  590-SSS. 
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Speed.  The  technic  here  described  seems  to  have  the  advantage  that 
it  can  be  rapidly  acquired  by  a  relatively  inexperienced  operator,  and, 
while  it  is  definite,  it  is  reasonably  elastic  and  adaptable  to  the  variety  of 
conditions  met  in  intravenous  work.  Injections  are  given  by  the  chief 
and  the  first  assistant,  although  other  medical  members  of  the  staff  may 
witness  the  procedure  and  learn  the  method  on  occasional  easy  arms. 
It  is  its  applicability  to  difficult  cases  which  seems  to  justify  the  descrip- 
tion. The  general  principles  governing  this  part  of  the  work  are  as 
follows: 

No  salvarsan  is  given  to  ambulatory  patients.  Each  must  remain 
under  observation  in  the  hospital  for  at  least  twenty-four  hours.  From 
60  to  80  per  cent  of  our  injections  have  been  of  original  salvarsan  or 
arsenobenzol,  and  the  balance  of  neosalvarsan.  Strict  asepsis  is  part 
of  the  operating-room  technic,  and  the  reagents  used  in  the  preparation 
of  the  drug  conform  to  the  original  Ehrlich  criteria  or  standard  modifica- 
tions. 

Water  redistilled  from  pyrex  and  Jena  glass  and  boiled  is  used  in  all 
injections.  Neosalvarsan  is  given  by  the  Ravaut  method,  slightly 
modified,  each  decigram  of  salvarsan  being  dissolved  in  1  c.c.  of  water, 
and  the  dose  administered  with  a  Luer  syringe.  Salvarsan  is  adminis- 
tered by  gravity  flow,  a  concentrated  solution  containing  from  four  to 
eight  doses  being  prepared  (0.6  gm.  in  25  c.c.  of  the  water),  and  diluted 
after  neutralization  and  before  using,  so  that  0.6  gm.  of  the  drug  is  con- 
tained in  100  c.c.  of  the  solution.  A  single  graduated  container  is  used, 
which  is  suspended  from  a  standard  where  it  is  kept  throughout  the 
morning's  work.  Before  beginning,  the  tubing  of  the  container  is  filled 
with  distilled  water  to  exclude  air,  but  this  water  is  allowed  to  escape 
before  the  first  injection  is  given,  so  that  only  salvarsan  enters  the  veins. 
The  glassware  is  boiled  in  distilled  water.  The  needles  and  the  salvar- 
san ampules  are  sterilized  in  95  per  cent  phenol,  followed  by  alcohol, 
and  the  needles  are  rinsed  in  redbtilled  boiled  water,  in  order  to  avoid 
the  use  -of  disinfectants  containing  metallic  salts,  such  as  bichlorid. 
Gloves  are  sterilized  by  boiling  and  are  put  on  dry. 

The  indications  and  contraindications  for  the  use  of  salvarsan  and 
neosalvarsan  need  not  be  discussed  in  a  technical  paper  further  than  to 
say  that  in  my  experience  the  effort  to  reduce  the  technical  difiiculties 
of  the  administration  of  original  salvarsan  by  the  use  of  concentrated 
solutions,  as  recommended  by  Brayton  (Jour.  Am.  Med.  Assn.,  1916, 
Ixvi,  1S21-198S),  has  not  been  entirely  satisfactory  for  general  use.     It 
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is  valuable  when  one  or  two  injections  must  be  given  unaided,  but  with 
the  assistance  of  even  an  amateur  or  an  office  girl  it  is  unnecessary. 
Even  with  the  most  careful  neutralization,  the  drug  seems  to  be  dis- 
tinctly irritating,  and  its  injection,  especially  if  the  solution  is  at  all  hot, 
may  cause  collapse.  The  injection  must  be  made  very  slowly  indeed  in 
large  veins,  and  in  small  veins  there  may  be  intense  pain  and  subsequent 
thrombosis  without  subcutaneous  infiltration.  The  method  seems  to  be 
unsuitable  on  this  account  precisely  where  the  technical  difficulties  are 
greatest — in  wrist  and  hand  veins,  and  where  only  one  or  two  unsatis- 
factory veins  are  available  for  a  series  of  injections.  The  technic  to  be 
described  has  been  used  on  my  service  in  administering  amounts  of 
solution  up  to  100  c.c.  with  a  large  Luer  syringe,  so  that  concentrated 
solutions  have  been  discarded  entirely  in  the  case  of  original  salvarsan. 
and  there  seems  to  be  no  difficulty  in  meeting  the  indication  both  in 
children  and  adults. 

The  duties  of  a  nurse  or  assistant  are  confined  to  unsterile  manipula- 
tions to  which  even  the  inexperienced  may  be  easily  trained.  These 
manipulations  consist  in  preparing  the  patient,  managing  the  tourniquet, 
releasing  and  closing  the  tube-clamp  in  the  case  of  original  salvarsan, 
and  pressing  a  sterile  sponge  over  the  point  where  the  needle  enters  the 
vein  at  the  time  the  needle  is  withdrawn,  and  then  bandaging  the  arm. 
The  only  manipulation  calling  for  any  skill  is  the  application  of  the  tour- 
niquet.   The  preparation  of  the  patient  includes  the  following: 

A  light  breakfast  is  eaten  (tea  and  toast) ;  the  temperature,  pulse, 
and  respiration  are  taken  before  the  patient  enters  the  operating  room. 
The  left  arm,  preferably,  is  prepared  with  tincture  of  iodin,  which  is  then 
partly  washed  off  with  alcohol,  so  that  the  color  does  not  conceal  difficult 
veins  and  so  that  dermatitis  may  not  ensue.  In  very  difficult  arms  an 
alcohol  compress  may  be  used  after  soap  and  water  cleansing.  The  arm 
and  shoulder  should  be  bare  and  the  neck  uncovered,  since  the  slightest 
constriction  may  hold  the  drug  in  the  vein  and  favor  thrombosis.  A 
marked  constriction  concealed  by  the  shirt  sleeve  may  cause  a  leakage 
around  the  large  needle. 

One  of  the  seemingly  trivial  elements  la  the  giving  of  an  injection, 
but  one  which  should  be  rated  very  high,  is  the  confidence  and  co5pera- 
tion  of  the  patient.  Operating  under  a  general  anesthetic,  or  under  a 
local  anesthetic,  one  seldom  realizes  the  psychic  effect  on  the  operator 
of  a  nervous  or  distrustful  patient.  Panic  may  s^ze  even  the  fairly  ex- 
perienced if  the  goal  is  not  reached  on  the  first  attempt;  the  tense  atti- 
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tude,  the  shrinking  away,  the  sounds  of  remonstrance  and  disapproval 
from  the  patient,  are  only  too  efficient  in  bringing  beads  of  sweat  to  the 
operator's  forehead  and  in  damaging  the  fine  movements  of  the  hands  on 
which  his  success  depends.  To  stop  to  cool  off  may  only  make  matters 
worse,  and  to  fail  entirely  is  to  damage  his  nerve  in  subsequent  work  more 
seriously  than  is  realized.  For  these  reasons  I  insist  that  the  atmos- 
phere of  the  operating  room  shall  be  as  carefully  prepared  as  that  of  a 
social  salon.     The  new,  nervous  patient  having  already  met  the  chief 


and  his  first  assistant,  is  relieved  of  anxiety  as  to  who  is  to  treat  him. 
He,  or  more  often  she.  is  met  with  smiles  and  addressed  by  name.  They 
are  treated  as  friends  from  the  moment  they  enter  the  office  and  the  ope- 
rating room.  They  find  themselves  on  the  table  in  a  current  of  casual 
conversation,  good  humor,  and  friendliness  which  relieves  anxiety.  Other 
patients  who  may  have  been  spoken  to  have  conceded  that  it  doesn't 
hurt.  We  do  not  use  large  needles  without  preparing  for  thera  by  local 
anesthesia,  in  which  we  can  use  the  finest  hypodermic  needle.     I  am 
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firmly  convinced  that  anoci-association,  which,  after  all,  is  simply  a  put- 
ting of  one's  self  in  the  patient's  place,  is  an  essential  ingredient  of  a 
technic  which  is  to  work  day  in  and  day  out  without  a  hitch.  Patients 
who  have  never  been  either  hurt  or  scared  approach  one  with  the  calm- 
inducing  lack  of  fear  with  which  animals  that  have  never  seen  roan 
disarm  their  human  enemies. 

Lighting. — The  operating  room  should,  if  possible,  be  so  arranged 
that  the  arm  is  cross-lighted  rather  than  longitudinally  or  from  above, 
since  with  the  latter  illumination  especially,  the  elevation  of  the  skin 
caused  by  the  vein  casts  no  shadow  and  is  correspondingly  difficult  to 


Tig.  *ST.— B«Wde  tabic  usmI  u  ■  vrry  utiilirtoiy  ml  for  the  mrm. 

see.     Light  containing  much  yellow  or  green,  whether  from  walls,  arti- 
ficial lighting,  or  shades,  may  conceal  an  otherwise  visible  vein. 

Patient. — The  patient  lies  on  the  table,  arm  extended  at  full  length  at 
right  angles  to  the  body  and  resting  with  the  palm  of  the  hand  on  the 
slanting  bedside  table  which  I  have  adapted  to  this  purpose  (Figs.  256 
and  257).  This  is  a  strategic  position  for  the  administration  of  an  in- 
travenous injection.  The  patient  is  at  rest.  The  full  arm  is  extended 
for  a  survey  of  the  situation.  The  carotid  and  jugular  pulsation,  the 
larynx  and  conjunctiva,  and  the  upper  thorax  are  all  in  the  line  of  vision, 
so  that  the  operator  himself  can  follow  every  change  heralding  an  acute 
reaction — the  acceleration  in  pulse,  the  slight  uneasiness,  the  gulp,  the 
sudden  catch  in  the  breath,  the  flush  beginning  at  the  clavicle  and  running 
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upward,  and  the  engorgement  of  the  conjunctiva.  It  is  impossible  for  bim, 
without  wilful  neglect,  to  continue  an  injection  until  he  discovers,  as  he 
rises  and  secures  a  full 
view  of  the  face  at  the 
end  of  it,  that  the  pa- 
tient is  rapidly  becom- 
ing livid  and  pulseless. 
Tourniquet. — It  is 
my  practice  to  use  a 
soft  band  tourniquet, 
made  by  folding  dou- 
ble a  three-inch  rub- 
ber £s  march  bandage. 
Thirty  inches  is  an 
average  length.  It  is 
used  unsterile  by  the 

nurse  or  assistant,  who  Fw.  *S8.— Comrt  •ppliwuc  o(  tl»  b»nd  lourniouit  Id  Ihr  Irfl  nrm 

,        ,,    ,        .  .  .    .1  (EimnrFh  buidBin).   The  nunrilandi  ml  the  pitU'iil'slFtl  ibouldrr.  The 

should    be    taught   the        tuun>iq<itti>pR««ldownwudbrll»bi>ndi.in>t«d«(ncr<iDgti>rtitiiL 

following  points: 

1.  To  apply  it  flat,  wrapping  and  not  twisting  it  around  the  arm. 
The  two  ends  pass  each  other  on  the  flat,  so  that  the  effect  is  that  of  a 


Fi«.  4».— Tb™  Inw   of  nfcdlF  point:  a.  Too  Kig.  MO.-a,  Raundtd  iw«ll*  tip.  with  cut- 

ibort:  b,  too  loiir.  r,  comet  linn  rilgr.  whicli  makei  an  iniiiion  in  Utr  vnn  in- 

stpnil  ul  t  Bunrturr.    L™  tinirable  llun  b,  the 

puintl^  nmllF.  whirh  ioflicU  \m  tnumn  mnd  dimin- 

■ilin  tW  poHibUity  of  lak*gr. 

cuff  rather  than  a  cord  (Fig.  258).  This  minimizes  the  discomfort  to 
the  patient,  and  promotes  the  maximum  of  surface  compression  with  the 
least  compression  of  the  deeper  arterial  supply.     It  also  prevents  the 
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escape  of  the  vein  to  be  injected  under  the  crossing  of  the  two  ends,  which 
occasionally  results  in  the  imperfect  distention  of  di£Bcult  veins. 

i.  Two  hands  should  be  used  in  holding  the  tourniquet,  and  the 
release  should  be  without  twist  or  jar,  and  without  unsterilizing  the  field, 
3.  The  skin  should  not  be  pulled  aside  or  twisted  on  the  arm  in  apply- 
ing, since  the  effect  is  to  flatten  the  vein  and  render  it  less  palpable  and 
visible. 

The  Veirt. — Certain  seemingly  obvious  details  are  easily  overlooked. 
A  survey  of  the  situation  before  rather  than  after  an  attempt  at  puncture 
is  essential.  In  the  difficult  arm  I  am  inclined  to  rate  palpation  above 
inspection,  and  for  that  purpose  a  single  finger  should  be  trained  to  the 
acme  of  tactile  acuteness  by  constant  practice.  The  ball  of  the  middle 
finger  of  the  left  hand  is  especially 
serviceable  because  it  has  not  been 
rendered  insensitive  by  the  trauma 
to  which  the  other  fingers  are  sub- 
ject. Crossstrokingwith  this  trained 
finger  will  detect  a  deep  vein  where 
nothingisvisible.  By  light  palpatory 
downward  pressure  its  caliber  and 
fixation  may  be  estimated.  Throm- 
bosis from  a  previous  injection  not 
infrequently  is  to  be  detected  before 
entry  only  by  palpation,  since  the 
vein  may  remain  of  the  same  caliber 
st  the  site  of  thrombosis  as  in  the 
normal  portion.  A  vein  which  is  not  sclerotic  and  yet  rolls  sharply 
under  the  finger  is  very  apt  to  be  thrombosed. 

A  variety  of  devices  can  be  employed  to  distend  difficult  veins  in 
addition  to  the  customary  clinching  of  the  fist.  The  most  easily  avail- 
able is  the  slapping  of  the  skin  over  and  around  the  vein  with  the  flats 
of  the  fingers  producing  a  temporary  paralysis  of  the  vein  wall.  This  is 
of  so  much  assistance  that  I  employ  it  as  a  routine,  since  a  well-distended 
vein  is  better  fixed  than  one  less  distended.  A  sharply  slanting  support 
sometimes  assists  in  securing  an  effect.  Hot  applications  are  of  great 
value  in  difficult  cases,  but  are  time-consuming  unless  the  patient  has 
been  told  to  soak  his  arm  before  coming  to  the  operating-room.  This 
method  is  also  useful  in  distending  small  scalp  veins.* 
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The  angle  of  the  vein  should  be  carefully  estimated  and  the  depth 
considered  before  a  puncture  is  made,  especially  when  the  needle  is  to 
be  advanced  well  beyond  the  point  of  puncture,  as  in  the  technic  here 
described.  Veins  in  obese 
women    which   show   as 
faint  bluish   patches  at 
the  flexure  are  apt  to  be 
more  superficial  than  one 
is  led  to  expect,  and  are 
likely  to  be  transfixed  by 
overenergetic    or    jerky 
operators.     The  fixation 
of  veins  in  the  connective 
tissue  is  a  more  impor- 
tant factor  at  times  than 

their    caliber,    and    the         . ^ — 

thickness  and  toughness  " 

of  the  skin  over  a  vein  is  '  '°' 

equally  important.  For 
example,  it  is  often  easier 
to  enter  a  small,  well-fixed 
superficial  vein  at  the 
flexure  of  the  elbow  than 
to  enter  a  vein  three 
times  the  size  at  the  con- 
dyle or  in  the  tough  loose 
skin  of  the  radial  side  of 

the    wrist.       The    most  ^^ 

difficult  vein  in  my  ex-  W^ 

perience  is  the  sclerotic   

vein   of  the   sun-tanned  

old  man,  which  has  lost  t>  -"■ 

its  fixation  through  atro-  ^ 

phy  of  the  connective  tis-  r*  m-Rttoud,™  .  iif«ii.  ™  .«  «i<><.i»  to  «cur..ii.. 

sue.  Veins  on  the  back  ^'°ttKkBiR"^ii!^in'o'DiyoDcditcM^--4>!^"fFDm'utopcri>Ur. 
of  the  hand  sometimes 

tempt  an  operator  to  his  sorrow,  although  on  occasion  they  are  valuable. 
The  more  movable  the  vein  and  the  tougher  the  skin,  the  smaller  the 
needle  that  should  be  employed.     The  point  of  entry  on  a  vein  should 
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be  as  near  the  operator  and  as  far  from  the  heart  as  possible  since  hemor- 
rhage from  a  mispuncture  may  be  controlled  with  a  finger,  while  a  second 
puncture  may  be  made  farther  up  a  vein  if  it  is  the  only  one  available. 
The  risk  of  thrombosis  is  thus  diminished  by  avoiding  the  passage  of  an 
irritating  solution  over  a  point  of  trauma. 

Needles. — Close  attention  should  be  given  to  the  type  and  care  of 
needles.  In  general,  I 
may  say  that  in  my 
experience  a  series  of 
failures  in  the  hands  of 
a  reasonably  competent 
operator  is  most  often 
attributable  to  a  dull 
needle,  despite  the  shop 
maxim  that  a  "poor 
workman  always  blames 
histools."  Aniraproperly 
sharpened  or  dull  needle 
jerks,  strips  the  vein, 
tears  holes,  or  transfixes. 

In  Figs.  2o9  and  ' 
260  are  indicated  what 
'  seem  to  me  essential 
points  in  the  needle  to 
be  used  for  intravenous 
work.  The  bevel  of  the 
majority  of  needles  when 
first    purchased    is    too 

..„-iL*ii^J^;;^^rt!^brfi,,&7'KSSrk;?£ririrnjU";    '^^g-  "f**  ^y  incorrect 

E:Si;';:i^ii''4l^'^dir^XSirSl^^lS't'S;r  ^'"  sharpening  they  soon 
tend  to  become  too  short. 
The  long,  blade-like  point  of  the  flat  beveled  needle  is  an  unknown 
quantity  once  it  has  passed  out  of  sight  and  is  too  often  embedded  in  the 
far  side  of  the  vein  wall  before  it  seems  fairly  through  the  skin.  Then 
follow  unexplained  leakage  and  futile  efforts  to  retrieve  the  lost  advan- 
tage or  to  advance  the  needle  farther  up  the  vein^  If  injection  is  begun 
because  a  good  flow  of  blood  has  been  obtained  with  a  long  bevel  needle, 
an  infiltration  is  apt  to  occur,  the  inechanisni  of  which  is  explained  by 
Fig.  261.     Flat  bevel  needles  are  more  easily  shut  off  against  the  top 
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of  the  vein  than  shorter  bevels  and  confuse  the  operator  into  thinking 
he  has  failed.     The  ease  with  which  a  long,  blade-like  point  enters  the 
skin  makes  it  very  attractive  to  the  novice  and  often  betrays  him  into 
difGculties.     The  defect  of 
the  short  bevel,  which  strips 
the  vein  without  entering  it, 
or  tears  a  hole,  is  obvious. 

The  desirable  and  un- 
desirable type  of  needle 
point  is  illustrated  in  Fig. 
260  and  the  method  of  hon- 
ing a  needle  on  an  oil  stone 
to  obtain  it  is  shown  in 
Fig.  262.  Most  needles  on 
resharpening  lose  the  point 
put  on  them  in  manufactur- 
ing, and  develop  at  the 
hands  of  the  average  sharp- 
ener what  is  fallaciously  sup- 
posed to  be  a  cutting  edge 
instead  of  a  point.  This  in- 
flicts greater  trauma  on  the 
vein,  makes  a  larger  opening 
for  subsequent  leakage,  and 
does  not "  take  hold  "  as  well 
as  a  needle  whose  mode  of 
action  is  to  puncture  rather 
than  cut. 

The    gold    needle    has 
largely  displaced  the  steel 
needle  in  our  work,  and  the 
care  of  the  needle  is  greatly 
simplified   by   doing  away 
with  rusting.  Tempered  gold      .nd  rti 
needles   are   cheaper   than      Thtris 
platinum  and   retain  their 
points  reasonably  well.  They  do  not  leave  the  brownish  tattoo  stain  in  the 
skin  that  even  a  slightly  corroded  steel  needle  will  leave.     For  routine 
syringe  technic  the   IJ/^-inch  gold  Luer  needle,  20-gage,  attaching  di- 
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rectly  to  the  syringe,  is  satisfactory.     The  steel  hypodermic  needle,  22- 
or  24-gage,  is  very  useful  when  a  very  minute  and  delicate  vein  at  the 
wrist  or  on  the  forehead  is  to  be  entered.     It  should  not  be  resharp- 
ened,  should  be  sterilized  in  phenol  and  alcohol,  should  not  be  used  more 
than  three  or  four  times,  and  should  not  be  more  than  ^  inch  in  length, 
otherwise  it  may  be  difficult  to  secure  enough  return  of  blood  to  demon- 
strate that  the  vein  has 
been  entered.     Through 
such  a  needle  on  a  large 
Luer  syringe  I  have  given 
50  c.c.  of  fluid. 

For  the  injection  of 
the  larger  amounts  of 
fluid  by  gra\'ity  our  pref- 
erence is  for  the  Schreiber 
needle  (Fig.  267)  in  17-  or 
18-gage.  Gold  needles  of 
that  type  may  be  ob- 
tained on  order,  and  those 
in  use  on  my  service,  while 
bending  rather  easily, 
have  given  satisfaction. 

The  advantage  of  the 
ordinary  filter  pump  or 
aspirator  for  the  cleaning 
of  needles  with  water, 
alcohol,  and  ether  by  suc- 
tion deserve  special  men- 
tion, when  much  of  this 
work  is  being  done. 
F«. Ms-syri-g, i^hoic.   iniection.  ^ke  Syri?ige  Teeknic. 

— For  this  technic  the 
needle  is  attached  directly  to  the  syringe,  since  this  does  away  with  the 
uncertain  grip  of  the  fingers  on  a  slippery  needle  while  doing  what  should 
be  an  exact  operation.  The  barrel  of  a  syringe  is  so  much  more  controll- 
able than  a  needle  that  it  is  now  our  practice  to  introduce  smaller  needles 
for  the  gravity  method,  by  a  syringe,  which  is  then  detached.  The  needle 
is  always  entered  bevel  up.  Fourdetailsareessentialtothetechnic.  First, 
the  syringe  is  held  flat  on  the  palmar  surface  of  the  four  fingers  of  the  right 
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hand,  which  form  a  broad  bed  upon  which  the  syringe  is  firmly  held  with 
the  thumb.  Second,  the  movements  of  the  hand  and  syringe  are  con- 
trolled and  the  jerk  and  the  unsteadiness  can  be  entirely  prevented  by 
firm  pressure  with  the  back  of  the  fingers  of  the  syringe-hand  on  the 
[latient's  arm.  Third,  tension  on  the  skin  with  the  left  hand,  as  shown 
in  Fig.  363  fixes  the  vein  and  prevents  heaping  of  the  tissues  ahead  of  the 
needle,  with  stripping  of  the  vein  and  a  jerky  puncture.  Fourth,  two 
separate  movements,  one  to  enter  the  skin  and  one  to  enter  the  vein,  are 
essential.  The  two-movement  entry  prevents  the  jerk  and  over-reach- 
ing which  is  apt  to  follow 
the  attempt  to  pierce  a 
soft  tissue  lying  behind 
a  tough  one. 

The    application    of 
these  principles  is  illus-  ^"^ 

trated  in  Figs.  263,  264,  " 
265  and  266.    The  needle  ^ 
should  be  used  with  the 
bevel  toward  the  gradua- 
tions of  the  syringe  so  ^ 
that  the  dosage  can  be  ^ 
watched.    Entry  is  made 
directly  over  the  vein  and        , ..  '"*L??'-~fr^,"H  "^r".  ■'?°™<  '■«  "SH^Lv  p°1''™ 

•'  of  the  ondle  in  tbe  tadinic  iUuitnl«d  in  Ka>.  MS.  iS*.  ud  KU; 

the  first  movement  car-  !r|';i3™3L^uJ'5Srik2i^ai^iiij!'"*^'""'''^ '""""'' 
ries  the  slightly  inclined 

needle  J^  inch  into  the  skin  over  the  vein  wall,  where  it  is  visible 
as  an  elongated  wheal  and  may  be  palpated  in  difiicult  arms  or  deep 
veins.  Downward  pressure  with  the  whole  right  hand,  syringe,  and 
needle  now  dimples  the  top  of  the  vein  and  a  very  slightly  increased 
slant  carries  the  needle  through  the  wall  with  a  barely  perceptible  ad- 
vance. The  pressure  of  the  syringe-hand  on  the  arm  is  now  increased 
enough  to  bring  the  needle  practically  horizontal  and  it  is  then  advanced 
half  its  len^  up  to  the  vein  and  remains  stationary.  The  tension  on  the 
akin  with  the  left  hand  is  released  as  the  needle  is  advanced.  The  broad 
base  by  which  the  hand  controlling  the  syringe  rests  on  the  arm  effec- 
tively prevents  "creeping  up"  during  the  injection,  with  possible  punc- 
ture of  the  far  side  of  the  vein.  The  running  of  the  needle  above  the 
site  of  the  trauma  is,  to  my  mind,  instrumental  in  reducing  the  likelihood 
of  thrombosis. 
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With  the  needle  in  its  final  position,  the  operator  pulls  back  on  the 
piston  with  the  left  hand  (Fig.  264).     If  a  successful  entry  has  been 
made,  a  spurt  of  blood  shoots  across  the  clear  fluid  in  the  syringe,  and 
the  injection  may  be  begun.     If  this  test  is  applied  invariably  before  the 
piston  is  advanced,  and  re- 
peated once  or  twice  during 
a  difBcult  injection,  the  per- 
centage of  infiltrates  with 
the  syringe  technic  can  be 
reduced  almost  to  the  van- 
ishing point. 

Tke  Sckreiber  Technic— 
I  have  previously  called  at- 
tention to  the  value  of  local 
anesthesia  in  the  introduc- 
tion of  large  needles  into 
veins,  and  further  experi- 
ence has  only  convinced  me 
the  more  completely  that 
this  detail  is  essential  to  the 
giving  of  an  intravenous  in- 
jection of  original  salvarsan 
secundum  artem.  One  minim 
of  a  3  per  cent  solution  of 
cocain  seems  to  be  devoid  of 
danger  and  acts  so  quickly 
that  it  causes  no  delay.  The 
introduction  of  the  needle 
then  becomes  an  exact  pro- 
cedure rather  than  a  hap- 
^SthJXJ"^^^l""-irli''d,'i?^;*VUjt''™i'^'n"^       hazard  stab.     The  patient 

iil^7hfhid.'""^'™"''*""''°'"*'°""''"  '  ''"'™'~  ure  ^y  shrinking  away  or 
wincing.  His  confidence  in 
the  operator  is  not  subject  to  test.  The  same  principles  are  used  as  in  the 
case  of  the  syringe  technic.  The  Schreiber  needle  is  held  like  a  pen  {Fig. 
267),  however,  since  it  is  then  steadied  by  two  fingers  instead  of  one,  and 
since  the  position  of  the  hand  seems  to  be  more  natural  after  the  needle  is 
entered,  and  must  be  maintained  for  a  longer  time.     Pressure  on  the  arm 
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with  the  right  hand  and  tension  on  the  skin  with  the  left  are  again  essen- 
tial.    In  doing  this  final  step  the  needle  should  not  be  held  rigidly.    The 
right  hand  should  relax  and  the  needle  be  guided  by  thumb  and  forefinger 
rather  than  forced  up  the  vein.     The  needle  should  be  run  up  the  vein  as 
in  the  case  of  the  syringe  technic.     The  movements  of  the  needle  in 
entering  suggest  those  of  vertical  penmanship,  and  are  accomplished 
by  depressing  the  knuckles, 
keeping    the    wrist    fixed, 
rather  than  by  moving  the 
hand.     The  needle  is  intro- 
duced detached,  and  after  a 
free  flow  of  blood  is  secured 
the  adapter  is  inserted  by 
the  left  hand  and  the  injec- 
tion begun  (Fig.  268).     The 
needle  should  not  be  released 
or  the  right  hand  moved  in 
difficult  veins  after  the  be- 
ginning   of    the    injection. 
There  should  be  a  tell-tale 
in  the  tube  near  the  needle 
to  show  the  presence  of  air, 
although    it    is    surprising 
what   large    amounts  may 
enter  a  vein  without  ill  effect . 
A  summary  of  rules  of 
thumb  is  appended  to  be  ap- 
plied seriatim  if  with  either 
technic  a  free  flow  of  blood 
through  a  needle  after  in- 

.        ,       _■  f  /t  *  FiH.  Ma.^Schrnbn  oHiilv  t«hDic.    Powlum  ot  iuirc- 

troduction  or  a  free  flow  of      tioD.  Ai  inimion  i>  coupictrd  ok  tubiiv  u  Ei>iDpra«]  ]u>t 
fluid  into  the  vein  cannot      i>f««d  ovtr  the  point.  «iihmii  diKonncning. 
be  obtained. 

1.  Depress  the  point  of  the  needle  without  advancing.     The  bevel 
may  be  shut  off  against  the  top  of  the  vein. 

2.  Palpate  the  point  with  the  free  hand.     It  is  easily  recognized  if 
it  is  still  above  the  vein. 

S.  In  using  a  syringe,  twist  the  piston  in  the  barrel,  pulling  backward. 
It  may  be  stuck. 
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4.  Slowly  withdraw  the  point,  if  it  cannot  be  felt  above  the  vein, 
lifting  up  as  you  do  so.  If  it  has  entered  the  opposite  wall  it  usually 
cornea  away  with  a  palpable  snap.  Then  quickly  advance  again,  press- 
ing down  hard  against  the  arm  with  the  back  of  the  syringe  hand  and 
lifting  the  point,  to  flatten  the  angle  of  the  needle  to  the  vein. 

5.  If  such  procedure  fail  twice,  withdraw  the  needle  until  the  point 
is  just  short  of  the  skin  puncture,  and  advance  again  after  repalpating 
the  vein.    This  is  a  last  resort. 

6.  If  the  fifth  procedure  fails  on  one  or  two  tnals,  withdraw  the 
needle  entirely  and  do  not  reintroduce  it  until  you  are  satisfied  as  to  its 
point,  and  that  it  is  not  plugged.  Pressure  on  the  vein  for  five  minutes 
with  elevation  of  the  arm  while  this  is  being  done  will  often  enable  you 
to  use  the  same  vein  again. 

7.  Make  no  comments  audible  to  the  patient  regarding  the  condi- 
tion of  your  needle. 

8.  Never  try  to  inject  through  a  hematoma.  Use  another  vein  or 
stop. 

It.  Never  inject  and  ask  if  it  hurts,  if  you  have  the  slightest  reason  to 
suspect  that  it  will.  To  inject  a  little  to  find  whether  you  are  in  the  vein 
or  not  is  absolutely  inexcusable. 

10.  Make  every  efifort  to  have  one  puncture  suffice,  using  the  needle 
in  various  directions  through  the  same  puncture. 

In  withdrawing  Schreiber  needles  from  veins  the  aspiration  of  blood 
back  into  the  tube  by  lowering  the  container,  or  washing  the  needle  out 
with  salt  solution  from  a  separate  cylinder,  ts  unnecessary.  Pressure 
made  by  the  nurse  over  the  needle  as  it  is  withdrawn,  and  the  shutting 
off  of  the  stream  just  back  of  the  adapter  and  not  higher  up  the  tube, 
will  prevent  any  leakage.  After  injection  the  needle  can  be  rinsed  by 
drawing  distilled  water  through  it  or  the  elastic  recoil  of  the  rubber  tube 
will  cause  some  of  the  solution  to  spurt  through  it  when  the  compressing 
finger  is  released.  It  goes  without  saying  that  needles  and  solution 
should  be  fresh  when  used  on  clean  patients  or  suspects,  and  that  pa- 
tients in  florid  stages  should  be  treated  last. 

The  administration  of  intravenous  medication  to  small  children  can 
be  accomplished  with  ease,  as  a  rule,  through  the  external  jugular  vein, 
or  through  the  anterior  auricular  or  the  more  prominent  scalp  veins  in 
heredosyphilitic  babies.  We  have  thus  far  found  this  technic  applicable 
to  all  cases  and  have  had  no  occasion  to  attempt  an  injection  into  the 
superior  lon^tudinal  sinus  through  the  anterior  fontanel.  In  all  work 
with  small  children  fine  steel  hypodermic  needles  should  be  used. 
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OBSERVATIONS  ON  THE  INTENSIVE  COMBINED 
TREATMENTS  OF  SYPHILIS* 


This  discussion  is  based  on  a  preliminary  survey,  stilt  in  progress, 
of  5500  intravenous  injections  of  salvarsan,  neosalvarsan,  and  arseno- 
beozol,  and  the  accompanying  mercurialization,  including  6000  intra- 
muscular injections  of  soluble  and  insoluble  mercurial  salts,  given  in  the 
newly  organized  Department  of  Dermatology  and  Syphilology  of  the 
Mayo  Clinic,  during  the  past  fourteen  months. 

The  growing  emphasis  on  intensive  antisyphilitic  treatment,  which 
has  gathered  renewed  impetus  from  the  discovery  of  salvarsan  and  the 
recognition  of  the  possibilities  of  abortive  cure,  has  made  the  term  famil- 
iar. Intensive  anti-syphilitic  treatment  aims  at  the  production  of  a 
massive  efFect  on  the  disease  without  injury  to  the  patient.  In  many 
instances  such  treatment  must  be  given  in  a  minimum  of  time,  to  flood 
the  body,  so  to  speak,  in  order  to  meet  urgent  indications  arising  from 
the  advance  of  the  morbid  process.  Treatment  must  be  governed  in  its 
intensity  by  the  ease  or  difficulty  with  which  the  particular  manifesta- 
tions are  known  to  yield.  It  must  be  further  governed  by  the  resistance, 
the  tolerance,  and  the  stamina  of  the  patient.  It  must  be  preceded  by  a 
skilful  estimation  of  the  dama^  already  done,  the  amount  of  repair 
likely  to  be  effected,  the  prospect  for  cure  or  permanent  arrest  offered 
by  various  modes  of  treatment,  and  a  weighing  of  the  risks  of  treatment 
for  the  patient,  as  against  the  risks  of  the  disease.  Expert  clinical  judg- 
ment in  these  matters  should  increasingly  rest,  not  on  guess-work  and 
second  sight,  but  on  a  carefully  thought-out  and  experimentally  con- 
trolled rationale. 

In  developing  the  course  of  intensive  treatment  given  by  our  servicef 

*  Presented  before  the  Mississippi  Valley  Medical  Asitociatiun,  Toledo.  Ohio.  Oct. 
9-11.  1917.    Reprinted  from  the  Mis^sslppi  Valley  Med.  Jour..  IBIS,  xiv,  11-16 

f  It  should  be  understood  that  the  use  of  the  term  "rourse"  in  this  discussian  does 
not  imply  a  hidebound  system  of  treatment  to  which  all  who  come  are  subjected.  The 
necessity  of  condensing  the  material  of  the  paper  has  compelled  the  writer  to  express 
himself  in  terms  of  averaBBs,  which  in  the  work  of  the  sen-ioe  can  be  and  are  departed 
from  as  widely  in  any  direction  as  the  exigencies  of  the  special  cnae,  considered  on  its 
own  merits,  may  require. 
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I  followed  a  well-known  European  precedent,  less  familiar  in  this  Coun- 
try, of  combining  mercurialization  with  salvarsanization  in  the  same 
period  of  time.  The  salvarsan  dosage  was  reduced  somewhat,  aad  a 
standard  interval  adopted  (one  week)  between  intravenous  injectioos, 
employing  in  addition,  according  to  the  indications,  one  of  three  agents: 

1,  Inunctions,  one-half  to  one  dram  of  50  per  cent  metallic  mercury 
in  cocoa-butter  four  to  six  times  a  week,  40  inunctions  to  the  course. 

S.  A  soluble  mercurial  salt,  mercury  succinimide  intramuscularly, 
in  3^  grain  doses  three  to  five  times  a  week, 

3.  An  insoluble  mercurial  salt,  mercury  salicylate,  in  one-half  to  two 
and  one-half  grain  doses  once  a  week,  on  an  ascending  scale.  Such  dos- 
age conforms  essentially  to  what  might  be  called  German  ideals  in  the 
radical  treatment  of  syphilis,  and  is  the  basis  of  such  exceptional  re- 
sults as  have  been  reported  by  Gennerich.  The  six-weeks'  course  is 
necessarily  a  unit  and  is  repeated  at  intervals  of  from  one  month  in 
early  cases  to  three  or  more  months  in  late  cases. 

I  regard  the  intensive  course  as  essentially  an  emergency  measure, 
with  which  to  abort  or  suppress  an  infection  in  the  early  primary  and 
secondary  stages,  to  arrest  a  rapidly  advancing  or  long-neglected  proc- 
ess, or  to  reach  parts  of  the  body,  or  syphilitic  conditions  which  have  not 
yielded,  or  will  not  yield,  to  the  older  or  slower  methods.  The  useful- 
ness of  such  a  course  is  limited,  although  in  view  of  the  work  of  Akatsu 
and  Noguchi  on  spirocheetal  tolerance  of  arsenic  and  mercury,  and  that 
of  Warthin  on  the  persistence  of  the  spirochieta  palUda  in  the  tissues 
of  treated  syphilitics,  one  is  often  tempted  to  look  on  it  as  universally 
necessary  and  desirable.  I  believe  that  the  usefulness  of  an  intensive 
course  and  the  efficiency  of  extraordinary  therapeutic  methods  in  syphilis 
are  at  present  limited,  not  so  much  by  what  they  may  accomplish  for  the 
disease,  which  is  usually  a  good  deal,  but  by  the  strain  which  they  put 
on  the  patient's  physical  organization.  A  successful  sterilization  may 
be  accomplished  and  the  patient  be  left  with  an  unknown  but  serious 
amount  of  damage  to  his  kidneys.  On  the  whole,  the  damage  due  to  an 
intensive  course  is  not  brought  about  by  moderate-dosage  salvarsan, 
but  by  what  are  being  widely  popularized  as  standard  intensive  methods 
for  the  use  of  mercury,  and  particularly  by  intramuscular  injection  ot 
the  insoluble  mercurial  salts,  such  as  calomel,  the  salicylate,  etc. 

The  intensive  combined  course  finds  its  best  application  in  our  hands 
thus  far  in  the  abortive  cure  of  syphilis,  in  the  radical  management  of 
secondary  syphilis,  in  early  and  late  syphilis  of  the  nervous  system,  in 
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many  serious  involvements  of  the  eye,  as  in  interstitial  keratitis,  iritis, 
etc.,  in  syphilis  of  the  stomach,  in  destructive  ^mmatous  osteoarthritis 
and  osteitb,  in  mutilating  syphilis  of  the  nose,  pharynx,  and  larynx,  and 
in  general  wherever  serious  damage  is  imminent  and  the  patient  is  still 
in  good  condition.  The  treatment  must  be  tempered  with  common 
sense  on  the  part  of  the  physician  in  latent  cases,  and  benign  late  mani- 
festations, such  as  cutaneous  syphilids  in  old  people.  When  damage  has 
been  done  to  important  parenchymatous  structures,  combined  salvar- 
sanization  and  mercurial  treatment  is  less  satisfactory,  and  in  marked 
cardiorenal  pathology,  and  in  patients  with  cirrhotic  livers  and  ascites, 
it  is  unsatisfactory  and  even  dangerous. 

In  our  employment  of  salvarsan,  both  alone  and  in  combination,  we 
think  constantly  in  terms  of  the  following  principles: 

1.  The  drug  as  such  and  its  impurities  seems  to  be  more  toxic  or  at 
least  its  toxic  effects  seem  more  serious  in  the  vascular  mechanism  than 
in  any  other  group  of  structures. 

8.  Its  eflfect  on  the  kidney  in  moderate  dosage  is  negligible.  We 
have  given  it  several  times  in  cases  of  advanced  chronic  nephritis,  with  a 
phenolsulphonephthalein  functional  test  of  0  to  i.5  per  cent,  without  in- 
jury, and  even  with  actual  improvement  in  the  condition  of  patients 
with  syphilis.  Acute  renal  reactions  (anuria)  are,  we  believe,  primarily 
glomerular  (vascular)  injuries,  most  of  which  have  occurred  following 
too  high  an  initial  dose,  acid  salvarsan,  and  in  pr^nancy. 

S.  The  immediate  effects  of  salvarsan  on  the  disease  are  those  of  the 
complex  amino-arsenic  molecule,  or  of  a  "salvarsano-protein."  The 
late  complications  following  its  administration  are  those  of  arsenic, 
which  is  especially  stored  in  the  liver,  spleen,  and  skin.  Late  complica- 
tions due  to  cumulative  effects  and  arsenical  injuries  must  be  constantly 
watched  for. 

4.  In  the  first  injection  or  two  salvarsan  causes  a  therapeutic  shock 
— the  Herxheimer  reaction,  which  is  dangerous  in  proportion  to  the  im- 
portance of  the  structure  most  involved  by  the  infection.  This  has 
special  reference  to  the  meninges  and  brain,  the  myocardium,  and  other 
vital  structures.  Even  a  Herxheimer  reaction  in  a  gummatous  larynx 
may  asphyxiate  the  patient  unless  preparation  is  made  to  meet  it. 

5.  Salvarsan  is  primarily  a  spirochEeticide.  It  suppresses  conta^on 
and  clears  up  lesions,  but  its  effects  are  transient,  and  must  always  be 
followed  up  by  mercury.  Mercury,  on  the  other  hand,  is  an  inferior 
spirochseticide.     It  will  not  control  contagious  lesions  but  it  is  a  better 
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builder  of  immimity.  A  little  salvarsan  is  worse  than  Done  at  all,  es- 
pecially in  early  syphilis,  and  its  indiscriminating  or  overcautious  use 
leads  to  premature  tertiarism. 

6.  Old  salvaraaa  we  believe  should  be  preferred  in  early  and  latent 
syphilis,  wherever  there  is  hope  of  radical  results.  We  prefer  neosal- 
varaan  in  visceral  syphilis  and  in  children.  We  utilize  the  experimen- 
tally demonstrated  affinity  of  neosalvarsan  for  the  meninges  in  the  treat- 
ment of  late  syphilis  of  the  nervous  system,  and  avoid  it  when  the  proc- 
ess in  the  nervous  system  is  acute,  or  likely  to  be  unfavorably  influenced 
by  meningeal  irritation. 

Our  daily  practice  includes  an  average  dosage  scale,  in  a  six-injection 
course,  of  0.3,  0.4,  0.4,  0.5,  0.6,  0.5  old  salvarsan.  Six  injections  with  a 
weekly  interval  represents,  io  our  experience,  average  tolerance.  If  ex- 
tended beyond  this  number,  the  intervals  between  injections  must  be 
lengthened.  We  do  not  exceed  3  decigrams  of  old  salvarsan  or  neosal- 
varsan as  an  initial  dose,  except  for  provocative  effects.  A  1-decigram 
initial  dose  for  cardiac  cases  is  not  exceeded.  The  dosage  is  reduced  in 
late  syphilis,  or  in  cases  in  which  only  palliative  results  are  expected, 
especially  in  patients  with  damaged  livers  and  spleens  whose  storage 
capacity  and  tolerance  is  low.  We  never  give  more  than  half  a  decigram 
as  an  initial  dose  to  children  under  60  pounds  in  weight.  In  abortive 
treatment,  repeated  maximum  doses  of  6  decigrams  are  given  after  the 
3-decigram  initial  dose. 

We  believe  it  a  conservative  rule  never  to  give  a  single  injection  of 
salvarsan  except  for  provocative  effect;  seldom  less  than  three  are  given 
in  a  late  case  without  contraindications  and  never  less  than  six  in  an 
early  case  (primary  or  secondary). 

An  empty  stomach  and  restricted  diet  prevent  reactions.  A  cathar- 
tic twenty-four  hours  after  injection  prevents  toxic  absorption  of  the 
part  of  the  salvarsan  eliminated  by  the  bowel.  In  case  of  threatened 
reactions  the  patient  must  be  alkalinized  with  sodium  bicarbonate  or 
Fischer's  solution  by  bowel.  The  solution  of  old  salvarsan  should  be 
sUghtly  alkalinized. 

Salvarsan  should  not  be  given  without  mercurial  preparation  in 
acute  processes  other  than  syphilitic  nephritis  or  syphilis  in  the  abortive 
stage.  We  never  give  salvarsan  in  ambulatory  cases,  and  believe  such 
a  method  is  especially  dangerous  in  cardiovascular,  severe  visceral,  or 
acute  central  nervous  system  syphilis.  The  interval  should  be  tripled 
and  the  dose  halved  after  a  toxic  erythema  if  the  injection  is  to  be  re- 
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peated,  or  an  exfoliative  dermatitis  may  result.  Irritating  applications, 
including  mercurial  inunctions,  should  not  be  used  on  the  skin  after  a 
toxic  erythema.  In  acute  reactions  occurring  on  the  table,  and  later  in 
incipient  cerebral  accidents,  adrenalin  should  be  used  subcutaneously 
(5  to  10  ram.  average  dose).  Well-compensated  hypertension  does  not 
contraindicate  salvarsan  in  moderate  doses.  Salvarsan  should  not  be 
given  to  confirmed  alcoholics.  An  injection  of  salvarsan  in  a  patient 
who  shows  well-defined  mental  symptoms  after  injection  should  not  be 
repeated,  but  a  prolonged  mercurial  course  should  be  substituted.  Bas- 
ing our  opinion  on  1400  injections,  we  have  concluded  that  arsenobenzol 
(Dermatological  Research  Laboratories)  is  fully  the  equal  in  therapeutic 
efficiency  of  the  German  old  salvarsan  and  very  much  superior  to  it  on 
the  score  of  lower  toxicity. 

The  preliminary  survey  of  the  year's  results  in  intensive  mercurial 
treatment  has  convinced  us  that,  while  salvarsan  may  give  rise  to  abrupt 
and  immediate  complications,  mereury  is  the  insidiously  dangerous  fac- 
tor in  the  treatment  of  syphilis,  espedally  when  used  according  to  modem 
radical  standards.  Prolonged  mercurialization  by  intramuscular  in- 
jection infiicts  at  first  temporary,  but  later  cumulative,  damage  on  the 
kidney,  and  may  give  rise  to  a  severe  and  obstinate  nephritis,  even 
though  the  gastro-intestinal  tract  and  the  mouth  show  no  reaction  what- 
ever and  the  patient  makes  rapid  symptomatic  improvement  so  far  as 
his  syphiUs  is  concerned.  Our  studies  seem  to  support  the  following 
tentative  conclusions: 

1.  Mereurial  inunctions  may  give  rise  to  marked  renal  irritation  in 
spite  of  a  reputation  to  the  contrary.  They  are,  however,  much  less 
apt  to  do  so  than  soluble  or  insoluble  mercurial  salts,  intramuscularly. 
The  soluble  mercurial  salt  (succinimid)  has  a  distinctly  higher  thera- 
peutic efficiency  than  the  insoluble,  but  possibly  less  effect  on  the  Waa- 
aermann  reaction  in  early  cases.  It  is  the  salt  par  excellence  for  the 
therapeutic  test  and  for  the  treatment  of  central  nervous  system  syph- 
ilis. It  exhibits  cumulative  effects  to  some  extent  and  irritation  may 
appear  at  the  end  of  a  first  course  or  be  postponed  until  a  later  course, 
even  though  the  second  be  preceded  by  a  rest  period.  About  50  per 
cent  of  our  patients  who  received  the  soluble  salt  showed  some  evidence 
of  its  effect  on  the  kidney. 

Insoluble  injections  are  dangerously  cumulative.  The  storage  of 
the  drug  in  the  tissues  (50  per  cent  in  six  weeks,  according  to  Shamberg) 
reduces  subsequent  therapy  to  guesswork  and  at  any  time  serious  com- 
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plications  may  appear  without  warning.  A  single  such  course  may  leave 
so  much  mercury  deposited  in  the  tissues  in  a  problematic  state  of  ab- 
sorbability that  even  a  mild  interim  course  of  inunctions  will  give  nse 
to  a  marked  nephritis.  In  our  experience,  the  insoluble  salt  is  more  apt 
to  provoke  renal  irritation  than  is  the  soluble.  Nearly  70  per  cent  of 
our  patients  receiving  insoluble  injections  showed  renal  disturbances 
at  some  time  during  the  treatment 

The  maximum  total  dosage  of  mercury  salicylate  tolerated  without 
renal  reacticm  by  the  cases  thus  far  included  in  our  survey  was  thirteen 
and  one-half  grains,  which  is  less  than  the  total  in  the  ordinary  13^ 
grain,  10-injection  course. 

Absorption  of  intramuscularly  injected  mercury  is  fully  as  dependent, 
we  believe,  upon  accidents  of  absorption  as  upon  dosage.  Encapsula- 
tion, gradually  increasing  fibrosis  in  the  tissues  of  the  buttock,  a  wide 
area  of  distribution  over  the  fascia  lata  above  the  gluteus  maximus, 
trauma  to  the  injecrion  site,  etc.,  distinctly  influence  the  absorption  of 
the  drug  and  its  effect  on  the  kidney. 

Different  individuals  show  wide  variation  in  their  tolerance  of  mer- 
cury, and  we  have  as  yet  been  unable  definitely  to  predict  the  degree  of 
individual  tolerance  before  beginning  treatment.  Age  thus  far  seems  to 
be  a  factor  of  minor  importance.  Fluctuations  in  individual  tolerance 
during  a  single  course  are  apparent,  influenced  possibly  by  accidents  of 
absorption,  dietary  errors,  etc.  Due  allowance  should  be  made  for 
spontaneous  variations  in  urinary  findings. 

The  presence  of  casts  in  the  urine  is  the  most  reliable  single  criterion 
on  which  to  judge  the  reaction  of  the  kidney  to  mercury.  The  mouth 
and  gastro-intestinal  tract  should  not,  therefore,  be  used  by  practi- 
tioners as  evidence  of  tolerance  of  the  drug,  since  renal  damage  may  be 
manifest  long  before  the  appearance  of  stomatitis  or  diarrhea.  Any 
examination  of  the  urine  made  without  a  microscopic  study  of  the 
sediment  is  worthless.  Albumin  fluctuates  erratically,  specific  gravity 
is  inconstant  in  its  variations,  and  only  once,  even  under  high  dosage, 
have  we  seen  hematuria  which  we  believed  to  be  traceable  to  the  effect 
of  mercury. 

Stomatitis  and  gastro-intestinal  accidents  as  factors  in  mercurializa- 
tion  can  be  practically  eliminated  by  sufiiciently  rigorous  prophylaxis. 
Avoidance  of  acid  foods,  the  use  of  alkaline,  astringent,  and  oxidizing 
mouth  prophylaxis,  and  the  elimination  of  fruits  and  coarse  vegetables 
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from  the  diet  are  the  msia  essentials.  Strict  regard  for  these  principles 
has  practically  done  away  with  such  complications  on  our  service. 

Those  employing  intensive  methods  should  be  familiar  with  the  over- 
treatment  syndrome  which  appears  occasionally.  It  seems  to  include 
hyperirritability,  extreme  nervousness,  insomnia,  and  emotional  in- 
stability possibly  due  to  excessive  salvarsan,  marked  loss  of  weight, 
weakness,  a  pinched  and  withered  facial  expression  with  pallor,  and  in- 
definite aches  and  pains  with  stiffness  of  the  joints.  The  latter  features 
we  interpret  as  part  of  the  toxic  effect  of  mercury,  and  we  have  noticed 
that  they  may  occur  in  persons  receiving  mercury,  alone  whose  kidneys, 
mouths,  and  gastro-intestinal  tracts  show  no  evidence  of  the  intoxica- 
tion. 

Dealing  with  resistant  late  cases,  our  combined  course  of  treatment 
is  apparently  successful  in  reversing  the  Wassermann  test  in  approxi- 
mately 60  per  cent.  Our  symptomatic  results  seem  exceptionally  good 
at  least  thus  far  in  bringing  about  the  arrest  of  gastric  crises,  and  the 
control  of  ataxia,  sensory  disturbances,  and  the  lightning  pains  of  tabes 
dorsalis.  We  have  been  able  to  cause  the  apparent  involution  of  early 
Charcot  joints.  Gastric  syphilis  as  such,  interstitial  keratitis,  even  of 
long  standing,  and  vascular  lues  of  the  meninges  and  brain  show  striking 
improvement  in  a  single  course.  Osseous  and  cutaneous  lues,  early 
and  hite,  offer  no  special  difficulties.  The  results  are  less  satisfactory 
in  spastic  and  parenchymatous  degenerative  central  nervous  system 
changes  and  in  visceral  involvement,  where  the  damage  done  is,  of 
course,  irreparable. 

Two  neuro-recidives  and  one  death  have  been  seen  in  5500  injections 
of  salvarsan — the  death,  the  result  of  a  typical  hemorrhagic  encephalitis 
which  developed  following  an  alcoholic  debauch  in  a  patient  in  whom 
every  precaution  had  been  used  in  the  regulation  of  dosage  and  inter- 
vals. The  symptoms  appeared  three  days  after  an  injection  of  German 
neosalvarsaa.  Our  first  neuro-recidive  occurred  in  a  patient  who,  be- 
cause of  pernicious  anemia,  had  received  salvarsan  only.  It  followed 
the  seventh  injection  while  the  patient  was  Wassermann  negative  and 
involved  the  seventh  and  eighth  nerves.  The  second  developed  in  an 
infection  of  a  year's  duration,  in  the  middle  of  a  course  of  mercury  salicy- 
late injections. 

Summarizing,  we  have  come  to  regard  the  effect  of  mercury  on  the 
kidney  as  the  weak  point  in  radical  methods  in  the  management  of 
syphilis.    This  applies  with  special  force  to  the  intramuscular  injection. 
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and  especially  to  the  injection  of  insoluble  mercurial  salt,  the  convenience 
of  which  may  easily  be  counterbalanced  by  much  damage  that  goes  un- 
detected because  of  the  irksomeness,  to  the  majority  of  physicians,  of  the 
frequent  careful  urinalysis.  We  believe  radical  trecdment  to  be  indi»pen~ 
aable  and  therefore  urge  the  devising  of  means  to  protect  the  kidney  es- 
pecially from  its  very  real  dangers. 

We  have  formulated  the  five  most  important  deductions  to  be  drawn 
from  the  year's  work  of  the  Section  as  follows : 

1.  Have  a  wholesome  respect  for  the  vascular  toxicity  of  salvarsan 
and  the  renal  toxicity  of  mercury. 

2.  Use  radical  methods  discriminatingly,  when  radical  results  may  be 
secured. 

3.  Examine  the  urine  repeatedly  microscopically. 

4.  Watch  for  cumulative  effects  everywhere. 

5.  To  discontinue  the  use  of  the  insoluble  mercurial  salts. 
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THE  PRODUCTION  OF  AN  ANTIPOLIOMYELITIS 
SERUM  IN  HORSES 

BY  INOCULATIONS  OF  THE  PLEOMORPHIC  STREPTOCOC- 
CUS FROM  POLIOMYELITIS* 

E.    C.    ROSENOW 


It  is  a  well-established  fact  that  the  serum  of  patients  aad  monkeys 
which  have  recovered  from  poliomyelitis  has  a  neutralizing*  and  pro- 
tective poweH  against  the  virus  of  poliomyelitis.  Inoculations  of  virus 
as  well  as  of  cultures  of  the  globoid  organism^  which  fail  to  produce  at 
least  abortive  attacks  of  poliomyelitis  fail  also  to  produce  neutralizing 
and  protective  substances  in  the  serum;  hence  immunity  does  not  re- 
sult. The  recent  work  of  Amoss*  proves  further  that  the  globoid  or- 
ganisms of  Flexner  and  Noguchi'  have  indeed  little  antigenic  power. 
The  need  of  immunization  experiments  along  other  lines  in  this  disease 
is  therefore  apparent. 

A  restudy  of  the  bacteriology  of  poliomyelitis  during  the  past  epi- 
demic has  emphasized  anew  the  possible  r6le  which  bacteria  of  ordinary 
size  may  play  in  the  etiology  of  this  disease.  A  pleomorphic  streptococ- 
cus or  micrococcus  having  elective  affinity  for  the  central  nervous  sys- 
tem in  animals  has  been  isolated  quite  constantly  from  the  atrium  of  in- 
fection and  the  central  nervous  system,*  the  brain  and  cord,'  and  the 
spinal  fluid*  in  human  poliomyelitis,  and  from  the  central  nervous  sys- 
tem of  monkeys  paralyzed  with  virus.* 

It  has  been  shown  that  under  certain  anaerobic  conditions  the  or- 
ganism may  become  exceedingly  small,  filtrable,  and  anaerobic,  resemb- 
ling very  closely  the  globoid  organisms  of  Flexner  and  Noguchi.  More- 
over, the  mechanism  by  which  the  large  forms  become  small  has  been 
demonstrated.'    Injections  of  the  large  form  of  this  organism  into  two 

*  Bead  before  tbe  Section  oa  Pathology  and  Phy^ology  at  the  Sixty-eighth  Annual 
Sesnon  of  the  AmericsD  Medical  Association,  New  York,  June,  1917.  Reprinted  from 
the  Jour.  Am.  Med.  Assn.,  1917,  Ltix,  e«I-a«j. 
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monkeys  soon  after  isolation  has  rendered  the  animals  immune  to  virus,"* 
a  result  not  obtained  with  a  streptococcus  from  another  source.* 

On  the  basis  of  these  results,  immunization  experiments  with  aerobic 
cultures  of  the  pleomorphic  organism  were  instituted. 

Recently  Nuzum  has  reported  on  the  protection  of  animals  against 
the  large  form  of  the  organism  with  the  serum  from  a  horse  that  had  been 
injected  repeatedly  with  aerobic  cultures.  Mathers  and  Tumiicliff" 
have  shown  a  specific  increased  opsonic  power  of  the  serum  toward  this 
organism  in  poliomyelitis  in  children.  Neustaedter  and  Banzhaf" 
appear  to  have  developed  a  neutralizing  serum  in  a  horse  by  injecting 
large  doses  of  filtrates  of  active  virus. 

I  wish  now  to  record  the  essential  facts  in  the  immunization  of  horses 
with  cultures  of  the  pleomorphic  streptococcus,  the  results  of  experi- 
ments in  neutralizing  and  protecting  against  virus  with  the  immune 
serums  thus  obtained,  and  the  findings  of  agglutination  and  comple- 
ment-deviation studies. 

Immunization  of  Horses 

The  method  followed  for  immunizing  horses  was  that  worked  out  by 
Flexner  and  Amoss''  and  Amoss  and  Wollstein"  in  the  production  of 
antidysentery  and  antimeningitis  serum,  respectively.  Advantage  was 
thus  taken  of  the  principle  first  noted  by  Fomet  and  MuHer,"  BonhofI 
and  Tsuzuki,"  and  Gay  and  his  pupils,'^  of  the  very  rapid  production  <tf 
antibodies  following  injections  of  antigen  at  brief  intervab. 

Increasing  quantities  of  the  pleomorphic  streptococcus  were  injected 
intravenously  for  three  consecutive  days,  this  being  followed  by  a  rest 
period  of  seven  days.  A  desensitizing  dose  of  approximately  one-tenth 
of  the  immunizing  dose  was  given  on  the  first  day  of  each  period  after  the 
first.  The  immunizing  dose  of  the  first  day  of  each  period  was  that  of 
the  last  previous  injection.  The  dose  on  the  second  and  third  days  of 
each  series  was  increased  approximately  by  one-tenth.  The  tempera- 
ture was  used  as  a  guide  to  dosage.  If  the  temperature  which  rose  soon 
after  the  injection  had  not  returned  to  normal  at  the  time  for  the  next 
injection,  the  antigen  was  not  given  until  it  had  returned  to  normal. 

The  bacteria  for  injection  were  grown  aerobically  in  ascites-dextrose 
broth  or  dextrose  broth  in  tall  columns  for  from  eighteen  to  twenty- 
four  hours  at  from  33  to  35  C.  (91.4  to  95  F.).     ^Vfter  centrifugaliza- 

*  At  the  time  these  experiment!)  were  reported,  the  monkeys  had  reusted  one  iatra- 
ccrebral  injection  of  highly  active  vims.  Since  then  they  have  resisted  thiee  or  tour  in- 
jsctioiu,  each  ot  highly  active  virus,  without  showing  symptoms  of  poliomyelitis. 


B,  Google 


PRODUCTION   OF   ANTIPOUOUYE LITIS   SERUM   IN    HORSES  637 

tion.  the  supernatant  broth  was  decant«d  and  the  bacteria  were  either 
washed  or  directly  suspended  in  salt  solution  so  that  1  c.c.  of  the  sus- 
pension contained  the  growth  from  15  c.c.  of  the  broth  culture.  Most 
of  the  suspensions  used  were  freshly  prepared,  but  in  some  instances 
they  had  been  kept  in  the  ice-chest  for  several  weeks.  All  strains  in- 
jected were  cultivated  for  at  least  two  generations,  nearly  aU  having 
been  plated  at  least  once  on  blood-agar.  Blood-agar  cultures  were  made 
of  all  suspensions  at  the  time  of  injection. 

Various  methods  have  been  employed  for  maintaining  the  original 
immunizing  properties.  Strains  have  been  cultivated  under  anaerobic 
and  aerobic  conditions  on  blood-agar  slants,  in  deep  stabs  of  ascitic  tis- 
sue agar  and  in  tall  tubes  of  ascitic  tissue  fluid.  Strains  from  human 
poliomyelitis  have  been  kept  in  latent  life  by  preserving  the  brain  and 
cord  substance  from  animals  paralyzed  with  cultures,  in  sealed  pipets 
in  the  ice-chest.  Portions  of  the  brain  and  cord  and  large  quantities  of 
recently  isolated  cultures  from  human  and  monkey  poliomyelitis  have 
been  dried  in  vacuo. 

Experiments 
Horse  1.— A  large  black  horse,  four  years  old,  weighing  approxi- 
mately 1600  pounds,  was  given  injections  which  were  begun  November 
i,  1916,  and  were  continued  until  May  1,  1917.  The  first  three  injec- 
tions contained  heat-killed  (60  C. — 140  F.,  thirty  minutes)  strains  from 
the  brain  and  cord  of  human  poliomyelitis,  the  next  nine  injections  con- 
tained strains  both  from  human  poliomyelitis  and  paralyzed  monkeys, 
and  all  subsequent  injections  contained  cultures  of  the  pleomorphic 
streptococcus  isolated  from  the  brain  and  cord  of  monkeys  paralyzed  with 
virus  in  the  usual  way.  The  doses  ranged  from  the  equivalent  of  the 
growth  from  160  c.c.  of  broth  to  as  high  as  the  equivalent  of  the  growth 
from  1400  c.c.  Test  bleedings  were  made  previous  to  the  first  injection, 
and  November  2,  November  4,  December  22,  January  8,  January  30, 
March  3,  April  3,  May  14,  and  May  16.  December  87,  three  days  after 
the  third  injection  of  living  bacteria,  the  horse  had  fever,  and  his  hind 
extremities  were  so  weak  that  he  could  scarcely  get  up.  The  fever  and 
weakness  soon  disappeared.  April  5,  a  suspension  containing  staphy- 
lococci was  injected  accidentally.  April  7,  the  horse  had  fever  and  de- 
veloped arthritis  of  the  right  hock.  April  9,  he  had  arthritis  of  the  knee 
of  the  left  foreleg.  April  17,  the  fever  had  disappeared,  the  arthritis 
had  largely  subsided,  and  the  injections  were  resumed.  Dead  cultures, 
however,  were  now  injected  for  the  next  three  series  of  injections.  The 
last  dose  was  given  May  1,  and  consisted  of  the  growth  from  600  c.c.  of 
broth  of  a  strain  in  the  third  generation  from  a  recently  paralyzed  mon- 
key.   May  14,  the  animal  was  unable  to  get  up  on  account  of  weakness 
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in  the  hind  extremities.  It  was  bled  6000  c.c.  May  16,  weakness  of  the 
hind  extremities  still  prevented  it  from  getting  up.  It  was  then  ether- 
ized and  bled  to  death,  approximately  36,000  c.c.  of  blood  being  ob- 
tained. A  moderate  amount  of  serous  fluid  was  found  in  the  left  ankle- 
joint  and  the  right  hock.  There  were  no  lesions  of  the  viscera  except  a 
few  subendocardial  hemorrhages  in  the  right  ventricle.  The  vessels  in 
the  gray  matter  of  the  lumbar  cord  were  hyperemic.  Cultures  of  the 
blood  yielded  a  staphylococcus,  and  those  from  the  spinal  cord  showed 
diphtheroid  bacilli.  Frozen  sections  of  the  lumbar  cord  revealed  little 
or  no  round-cell  infiltration. 

Horse  2.— A  large  bay,  eight  years  old,  weighing  approximately 
1300  pounds,  was  injected  at  intervals,  according  to  the  method  de- 
scribed, with  live  cultures  from  human  and  monkey  poliomyelitis  in 
relatively  massive  doses  from  November  22  to  December  13.  During 
the  eighth  injection  (December  13)  he  developed  marked  symptoms  of 
acute  anaphylactic  shock  and  died  in  a  few  minutes.  He  was  bled  just 
previous  to  injection  and  soon  after  death. 

Horse  3. — A  medium-sized  bay,  three  years  old,  weighing  approxi- 
mately 1200  pounds,  has  been  injected  according  to  schedule  since  Janu- 
ary 30,  1917.  The  pleomorphic  streptococcus  from  human  poliomyeli- 
tis has  been  employed  exclusively.  The  first  six  injections  consisted  of 
suspensions  of  the  dried  bacteria  prepared  last  summer  from  strains  re- 
cently isolated  from  the  brain  and  cord.  Later,  there  were  added  sus- 
pensions of  strains  found  to  be  agglutinated  in  high  dilution  by  the  scrum 
of  Horse  1  and  grown  continuously  on  blood-agar,  in  deep  stabs  of  ascitic 
tissue  agar,  or  filed  away  last  summer  in  sealed  pipets  containing  the 
aspirated  brain  substances  of  rabbits  and  guinea-pigs  paralyzed  witli 
cultures.  Except  for  alarmingly  severe  symptoms  on  several  occasions 
immediately  following  the  injections,  this  horse  has  remained  well. 
Test  bleedings  were  made  January  30  (before  injection),  March  2, 
April  3,  and  May  14. 

The  Effexh'  of  Immune  Horse  Seriih  on  Virus  in  Vitro 
In  these  experiments  the  technic  followed  was  that  used  by  other 
workers  in  this  field.  Five  per  cent  emulsions  of  physiologic  sodium 
chlorid  solution  of  fresh  or  glycerinated  brain  and  cord  were  prepared 
by  grinding  the  material  in  a  mortar  with  sterile  quartz  sand,  filtering  it 
repeatedly  through  paper  or  in  some  instances  passing  it  through  a 
Berkefeld  filter.  The  filtrate  was  thoroughly  mixed  with  the  serum  to 
be  tested,  and,  for  controls,  with  the  sodium  chlorid  solution  and  the 
corresponding  normal  serum.  It  was  then  placed  in  the  thermostat  for 
two  hours  and  in  the  ice-chest  for  from  eighteen  to  twenty-two  hours. 
All  monkeys  (Macacus  rhesus)  were  injected  intracerebrally,  under  ether. 
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with  1  c.c.  of  the  respective  mixtures.     In  each  series  of  experiments  the 
monkeys  chosen  were  of  approximately  the  same  weight- 


TABLE  1 

—THE  EFFECT  OF  VARIOUS  IMMlfflE  SERUMS  ON  VIRUS 

Honn 

iMOCDLATIOH 

R»m.T 

103 

Virus  +  NaCI  solution;   control 

inoculation 
Mild  symptom.; 

inoculation 
Severe  symptoms 
teenthday 

resisted  second 

S3 
108 
S4 

Virus  4-  normal  monkey  serum;  con- 
trol 

Virtu -f  normal  borse  serum;  con- 
trol 

key  24 
Virus   +   culture  immune  serum; 

Monkey  43 
Virus   +   culture  immune  serum; 

Monkeys  63  and  61 
Virus  +   culture  immune  serum; 

Rabbit  1078 
Virus  +  acquired  immune  serum; 

Human  80« 

^'SLLn  W**^  "°°"™  ""'"' 
Virus   +  culture  immune  serum; 
UoTMl 

Hone  1;   1  :  1000 

resisted   second 

95 

Severe  symptoms; 

recovered 

96 
87 

Severe  symptom.; 

etherised 

SB 

Remained  well 

100 
101 

Remained  well 

The  experiment  summarized  in  Table  I  was  begun  February  7, 1917. 
The  emulsion  was  prepared  from  fresh  brain  and  cord  of  Monkey  85, 
which  became  paralyzed  on  the  eighth  day  following  the  injection  of  a 
virus  which  had  been  passed  successively  through  six  monkeys.  The 
first  three  experiments  (Monkeys  103,  93,  and  102)  served  as  controls. 
All  developed  mild  but  unmistakable  symptoms  of  poliomyehtis.  Mon- 
key 94,  injected  with  virus  digested  with  serum  from  Monkey  S4,  which 
had  recovered  from  poliomyehtis,  served  as  an  additional  control  in 
that  it  showed  the  technic  to  be  adequate  for  the  destruction  of  vims  by 
serum  known  to  have  such  action.  Monkey  95  developed  severe  paraly- 
sis, the  serum  of  Monkey  43  not  having  destroyed  the  activity  of  the 
virus.  Monkey  43  had  been  injected  previously  with  a  strain  of  strep- 
tococcus grown  large  from  typical  globoids,  and  was  found  later  not  to 
be  immune  to  virus.  Monkeys  53  and  61,  whose  serums  destroyed 
virus,  as  evidenced  in  the  experiment  on  Monkey  96,  had  been  immun- 
ized with  cultures  of  the  pleomorphic  streptococcus  recently  isolated 
from  paralyzed  monkeys.  Their  serums  agglutinated  specifically  the 
pleomorphic  streptococcus  from  both  human  and  monkey  poliomyelitis. 
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The  serum  of  Rabbit  1078,  whicb  wa^  used  in  the  experiment  on  Mon- 
key 07,  had  no  digestive  action  on  virus.  Rabbit  1078  had  been  in- 
jected repeatedly  with  the  heat-killed  pleomorphic  streptococcus.  When 
used,  its  serum  had  been  kept  in  the  ice-chest  for  forty  days.  The  ser- 
ums used  in  the  next  two  experiments  (Monkeys  98  and  99)  were  ob- 
tained from  cases  of  sporadic  anterior  poliomyeHtis,  and  destroyed  the 
activity  of  the  virus.  The  serum  used  to  digest  the  virus  in  the  last  two 
experiments  (Monkeys  100  and  101)  was  obtained  from  Horse  1,  Janu- 
ary 30,  1917,  eight  days  previously.  It  destroyed  the  activity  of  the 
virus  completely,  even  in  a  dilution  of  1  :  1000. 

TABLE  «.— EFFECT  OP  IMMUNE  HORSE  SERUM  ON  VIRUS 


MOTOK 

ImCDUTHH. 

RSIDLI 

112 

Vifua  +  NaCI  solutioa;  control 

sisted  second  inocul&tian 

113 

Virus  +  nontul  hone  Mrum;  con- 

Miid  symptoms;    recovered:    died 

trol 

from  ulcerative  colitis,  thirty^th 

diy 

114 

Virus  +  immune  serum;  Horse  1 

colitis,  tw«nty-fint  day;   no  infil- 

tration 

lis 

Viru«  +  immune  serum;   Horse  1; 
I  ;1000 

Nosymptonu;  psralyied  by  second 

116 

Virus  +  serum  from  sporadk  poUo- 

myelitis  (341) 

In  the  experiment  summarized  in  Table  2,  the  same  virus  after 
passage  through  one  more  monkey  (Monkey  106)  was  used  while  fresh. 
The  experiment  was  again  controlled  both  positively  and  negatively. 
The  controls  with  sodium  chlorid  solution  and  normal  horse  serum  de- 
veloped poliomyelitis,  but  the  control  with  human  poliomyelitis  serum 
did  not.  The  horse  serum  used  was  obtained  the  day  previously 
(March  2,  1917)  from  Horse  1.  As  in  the  previous  experiment,  it  de- 
stroyed activity  of  the  virus  in  dilutions  of  both  1  :  1  and  1  :  1000. 

The  experiment  summarized  in  Table  3  was  begun  April  15,  1917. 
The  effect  of  the  serum  from  both  Horse  1  and  Horse  3  was  tested  against 
highly  active  glycerinated  virus  that  bad  been  passed  through  a  Berke- 
feld  filter.  The  control  (Monkey  141)  became  completely  paralyzed  in 
six  days,  and  was  etherized  when  respiratory  failure  was  imminent. 
The  activity  of  the  virus  appeared  to  be  diminished  but  not  wholly  de- 
stroyed by  an  activated  mixture  of  serums  from  Horse  8,  as  shown  by 
the  experiment  on  Monkey  143.      In  dilutions  of  1  :  1000  the  serum 
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had  little  or  no  effect  (Monkey  144).  In  the  experiment  on  Monkey 
14fl,  an  activated  mixture  of  the  serum  from  Horse  1  (January  SO,  March 
S,  and  April  3)  appeared  to  diminish  the  activity  of  the  virus,  as  mani- 
fested by  a  delay  of  eight  days  over  the  control  for  the  onset  of  paralysis, 
hy  the  comparative  mildness  of  the  paralysis,  and  by  the  fact  that  the 
monkey  recovered.  In  dilutions  of  1  :  1000  this  mixture  of  serums  had 
no  effect  (Monkey  145). 

TABtf  S.— THE  EFFECT  OF  IMMUNE  HORSE  SERUM  ON  FILTERED  VIRUS 


UOHUT 

l™...™ 

RnuLi 

Ul 

ViruB  +  NaCI  solution- 

control 

paralyzed,  sixth  day;  etheriied 

143 

Syinptoma,    eighth   day;     severely 

lU 

Vinia  +  immune  serum 

Horse  3; 

Symptoms,  sixth  day;     oomnletely 

146 

paralysed,  sixteenth  day;  recov- 
ered 

liA 

Symptoms,  fifth  day;     completely 

1  :1000 

paralyzed,  sixth  day;  died,  sev- 
enth day 

la  an  experiment  performed  February  20, 1917,  the  inactivated  serum 
from  Horse  1,  which  was  obtained  January  30  and  which  digested  virus 
when  fresh  (Table  1),  had  only  a  slight  destroying  power  over  highly 
active  fresh  virus,  the  onset  of  the  paralysis  in  two  monkeys  being  de- 
layed only  one  and  two  days,  respectively,  over  that  of  the  control. 
April  %3,  the  serums  of  the  bleedings  of  Horse  1  from  January  30  to 
April  3  were  mixed,  and  on  April  24  the  mixture  was  passed  through  a 
Berkefeld  filter.  This  filtered  mixture  in  one  experiment  was  found  not 
to  diminish  the  activity  of  the  virus.  It  appeared,  then,  that  when 
fresh,  the  serum  obtained  January  30  and  March  i  from  Horse  1,  im- 
munized chiefly  with  the  pleomorphic  streptococcus  from  monkeys 
paralyzed  with  virus,  had  the  power  to  destroy  the  activity  of  fresh, 
moderately  virulent  virus  completely  and  to  inhibit  the  effect  of  highly 
virulent  glycerinated  and  filtered  virus,  a  power  which  it  appeared  to 
lose  on  standing.  The  serum  from  Horse  3,  immunized  entirely  with 
strains  from  human  poliomyelitis  isolated  a  long  time  previously,  had 
no  apparent  effect. 
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Protection  of  Monkeys  Against  Experimental  Pououtelitis 
WITH  Immune  Horse  Serum 
In  Table  4  are  summarized  3  series  of  experiments  which  were  under- 
taken to  determine  the  protective  power  of  immune  horse  serum  against 
intracerebral  injections  of  virulent  virus.  The  serum  from  Horse  1  used 
in  the  first  series  of  experiments,  begun  February  7,  was  obtained  Janu- 
ary 80. 


TABLE  4.— 

PROTECTION  OF  MONKEYS  AGAINST  POLIOMYELITIS  WITH 

IMMUNE  HOR.SB  SERL'M 

HomiT 

IK0C.1L,T10N 

T.^™.., 

Rbuli 

BO 

0.S  C.C. 

2.9  kg. 

Virus  8S 

injections  of   immuDe  a^ 

days;  slight  symptoms  fol- 

mm:  Horse  1 

lowing  second  inoculation 

m 

Ice. 

days;         severe    paiBlyiis. 
ninth  day  afler  second  in- 

3.Skg. 

Virus  85 

injeclions  of    immune    sc- 

rum;  Horse  I 

oculation 

01 

0.5  c.e. 

Severe     paralysis,     eleventh 

2.2.  kg. 

Vims  85 

intmvenous   injections   of 

day;    no  improvement  fol- 

lowing injection  of  immune 

serum,   Horse   1;   died   of 

02 

0.5  P.C, 

Subcutaneous   injeclions   of 

Severe   paralysis,    thirteenth 

a.fikg. 

Virus  85 

streptococcus 

kctioos  of  immune  serum. 

147 

0.5  C.C. 

None;   control 

3.5  kg. 

Virus  888 

prostrale.  tenth  day;  ether- 
Symptoms,  twelfth  day;    se- 

I4S 

0.S  C.C, 

One  intravenous  injection  of 

s.ekg. 

Virus  889 

seositized     pleomoi-pbic 

vere   paraiyMS,   thirteenth 

streptococcus,  eleven  days 
None;  control 

day;  recovered 

179 

0.5C.C. 

Severe  paralysis,  seventh  day; 

1.8  kg. 

Virus  165 

apparent  protection  folbw- 
iag   injection   of   immune 
serum.  Horse  1 ;  recovered 

174 

0.5  e.c. 

Intravenous  injections  of  im- 

Severe paralysis,  tenth  day; 

1.8  kg. 

Virus  165 

mune  serum;   Horses 

recovered 

17fi 

OJ  c,c. 

Intravenous  injections  of  im- 

1.7 kg. 

Virus  165 

mune  serum;   Horael 

fourth  day 

Simultaneous  intraspinal  injections  of  i  c.c.  and  intravenous  injec- 
tions of  from  5  to  10  c.c.  were  made  for  two  consecutive  days.  Five 
additional  intravenous  injections  of  from  5  to  14  c.c.  were  made  every 
second  or  third  day.  The  animals  were  completely  protected,  as  shown 
by  the  controls  (Monkeys  91  and  02)  which  were  injected  with  a  vaccine. 
They  succumbed  to  poliomyelitis,  however,  following  a  second  injection 
two  months  later,  a  further  proof  that  infection  had  not  occurred.     Ad- 
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ditional  evidence  of  the  activity  of  the  virus  is  afforded  by  the  results 
recorded  in  Table  1,  this  series  of  monkeys  having  been  inoculated  with 
the  same  virus. 

In  the  experiments  on  Monkeys  147  and  149  (outlined  in  Table  4), 
the  effect  of  a  single  immunizing  dose  of  the  sensitized  pleomorphic 
streptococcus  was  tested  against  a  heterogeneous  virus  of  high  virulence.* 

A  mixture  of  strains  from  human  poliomyelitis  isolated  last  siunmer 
and  recently  isolated  strains  from  paralyzed  monkeys  were  grown  in 
dextrose  broth,  washed  in  sodium  chlorid  solution,  and  suspended  in 
the  filtered  mixture  of  the  serum  from  Horse  1.  The  bacteria  were  ag- 
glutinated almost  immediately,  and  after  the  suspension  had  been  kept 
at  S5  C.  (95  F.)  for  two  hours,  were  washed  in  sodium  chlorid  solution. 
Five  c.c.  of  a  rather  dense  suspension  were  then  injected  intravenously. 
That  a  degree  of  protection  was  afforded  was  indicated  by  a  delay  of 
seven  days  in  the  onset  of  the  paralysis  over  that  of  the  control,  by  the 
comparative  mildness  of  the  symptoms,  and  by  recovery  of  the  animal. 

In  the  last  series  of  experiments,  summarized  in  Table  4,  the  serums 
were  obtained  oa'  the  day  the  experiments  were  begun.  May  14.  In- 
travenous injections  of  10  c.c.  were  made  immediately  after  inoculation 
of  virus,  the  following  day,  and  then  every  second  day  for  four  additional 
injections.  The  serum  from  Horse  3  had  slight  protective  power,  there 
being  a  delay  of  only  three  days  over  the  control  in  the  onset  of  symptoms 
(Monkey  174).  The  serum  from  Horse  1,  on  the  other  hand,  completely 
protected  Monkey  175,  and  two  intravenous  injections  of  12  c.c.  each 
appeared  to  protect  the  control  (Monkey  173)  from  a  fatal  attack. 

The  effect  of  the  curative  properties  of  these  serums  after  paralysis 
had  begun  has  been  tested,  in  all,  in  24  monkeys.  Simultaneous  intra- 
spinal (2  c.c.)  and  intravenous  (from  5  to  12  c.c.)  injections  were  given 
in  3  instances,  and  intravenous  injections  (from  10  to  12  c.c.)  in  the 
others.  In  no  instance  were  injections  made  oftener  than  once  in 
twenty-four  hours.  If  the  serum  had  been  kept  for  some- time  in  the 
refrigerator,  it  was  usually  activated  with  guinea-pig  complement,  just 
previous  to  injection. 

If  the  serum  appeared  either  to  lessen  the  symptoms  or  to  arrest  the 
paralysis,  or  if  the  treated  animals  recovered  when  the  untreated  controls 
died  of  respiratory  failure  or  surely  would  have  died  if  they  had  not  been 
etherized,  the  result  was  put  down  as  favorable.  If  it  had  no  apparent 
effect,  it  was  put  down  as  indifferent. 

*  KiDiUr  wnt  me  by  Dr.  W.  E.  WAyson.  of  the  Public  Health  Service,  WMtuDgtoo, 
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Out  of  7  treated  monkeys  in  which  the  results  were  indifferent,  four 
showed  severe  ulcerative  colitis,  two  marked  tuberculosis,  and  one  men- 
ingitis due  to  hemolytic  streptococcus.  These,  therefore,  were  not 
suited  for  testing  the  efficacy  of  the  serum.  Of  the  remaining  17,  the 
serum  from  Horse  3  was  injected  into  4  {once  in  one,  twice  in  two  and 
three  times  in  one),  with  no  apparent  effect  on  the  course  of  the  disease 
in  any  instance.  Three  of  these  monkeys  died,  and  one  was  etherized 
when  respiratory  failure  seemed  imminent.  The  remaining  IS  were 
treated  with  the  fresh  or  activated  serum  from  Horse  1.  The  results 
were  indifferent  in  3  and  favorable  in  10.  All  of  the  former  received  only 
1  injection.    Of  the  latter,  2  received  1  injection;   i,  2  injections;    1, 


Fig.  MA. — A^UtiofttioD  ol  pIfoniarphH  alrrptonxvm  froni  buDiKQ  poJlADLVf^iliiL     This  ilnin  wu  rut 

Imm  Hone  1:  Tuba  II  to  U.  immunr  irruni  from  Hoth  3,  Tbt  dilutiou  of  uma  tad  ■alijm  (daliw 
brolb  ni1tiirT>UT  1:1.  1:10,  1:100.  tie.,  mprftivtly.  in  rafh  Ktm.  Notv  aCTlutifiHtiaD  in  Idt  dilutiou  uid  itm 
abtence  id  highn  diiulioni  by  tbc  iHHin>l  iiorH  Hrum,  uhI  tbr  ahwDcv  of  ftgglutiutiDQ  ia  lav  ditulHAa  and 
nuked  mluIiDition  in  bigh  dilulioiu  by  Uw  imiBuiK  htudu. 

S  injections;  1,  4  injections;  3,  5  injections,  and  1,  7  injections.  All  of 
the  10  recovered,  with  varying  degrees  of  residual  paralysis. 

The  experiments  on  the  protective  and  curative  power  of  these  im- 
mune serums,  therefore,  indicate  that  while  the  serum  from  Horse  3  had 
Httle  or  no  effect,  the  serum  from  Horse  1  had  definite  protective  and 
curative  power,  a  finding  directly  in  accord  with  the  results  of  the  neu- 
tralization experiments. 

Protocols  of  Experimbnts 
Protocob  of  the  last  three  experiments  summarized  in  Table  4  will 
serve  to  illustrate: 

Experiment  1. — Control. — Monkey  173.     Macacus  rkeaua.     1.8  kg. 
May  U.  1917:  Etherized;  0.5  c.c.  of  glycerinated  virus  {751")  from 
Monkey  165  injected  into  right  frontal  lobe. 
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May  15-18:   Appeared  well. 

May  19:  Appeared  irritable,  no  weakness. 

May  20:   Irritable  and  undoubtedly  weak  in  left  leg. 

May  SI,  8.S0  A.  M.:  Tremor  of  head  and  muscles  of  hind  extremi- 
ties; unable  to  bear  weight  on  legs,  and  dragged  the  right.  ^P.M.:  Un- 
doubtedly weaker;  dragged  both  legs;  had  tremor  and  weakness  of 
muscles  of  left  arm.  Twelve  c.c.  of  immune  serum  from  Horse  1  (ob- 
tained May  14)  injected  intravenously. 

May  S8,  8  A.  M.:  Definitely  weaker  in  hind  extremities;  no  exten- 
Mon  of  paralysis  in  arms.     8  P.  M.:  Injection  of  serum  repeated. 

May  S3:  Only  slightly  weaker  in  hind  extremities;  no  demonstrable 


May  2U:  Right  arm  badly  paralyzed;  hind  extremities  completely 
flaccid;  left  arm  also  weak,  but  monkey  could  move  it  in  all  directions. 

June  2:  Marked  improvement;  the  tremor  of  the  head  had  dis- 
appeared; arms  stronger,  animal  pulled  himself  on  perch;  able  to  sit  up 
but  legs  still  flaccid. 

June  7:  Improved. 

Experiment  2. — Attempt  to  protect  against  pirus  wiik  serum  from 
Horse  3.     Monkey  174,  Macacus  rhesus,  1.9  kg. 

May  lU.  1917,5  P.M.:  Etherized;  0.5  c.c.  glycerinated  virus  (751") 
from  Monkey  165  injected  into  right  frontal  lobe.  5.10  P.  M.:  Twelve 
c.c.  immune  serum.  Horse  3  (obtained  May  14),  injected  intravenously. 

May  16, 12  M.:  Appeared  well;  injection  of  serum  repeated. 

May  17,  9.30  A.  M.:  Appeared  well;   injection  of  serum  repeated. 

May  19,  3.30  P.  M.:  Appeared  well;   injection  of  serum  repeated. 

May  20:   Appeared  well;   no  weakness. 

May  21,  7.30  A.  M.:  Appeared  slightly  irritable,  but  no  weakness. 
4  P.  M.:   Injection  of  serum  repeated. 

May  22,  3  P.  M.:  Extremely  irritable;  fur  roughened;  weakness  of 
hind  extremities;   injection  of  serum  repeated. 

May  S3:  Weaker,  very  tremulous. 

May  S6:  Marked  paralysis  of  all  extremities;  some  power  in  left 
arm;  tremor  of  head  still  present, 

JuneS:  Severe  paralysis  of  all  extremities;  can  move  left  arm  slightly; 
tremor  of  head  still  present  but  less  marked. 

June  7:  Condition  much  the  same  as  on  June  2. 

Experiment  S. — Attempt  to  protect  against  virus  with  serum,  from 
Horse  1.     Monkey  175,  Macacus  rhesus,  1.8  kg. 

May  lU.  1917,  5.20  P.  M.:  Etherized;  0.5  c.c.  of  glycerinated  virus 
(751'")  from  Monkey  165  injected  into  right  fronUl  lobe.  5.30  P.  M.: 
Twelve  c.c,  of  immune  serum  from  Horse  1  (obtained  May  14)  injected 
intravenously. 

May  16,  12  M.:  Appeared  well;  injection  of  serum  repeated. 

May  17:  Appeared  well;  injection  of  serum  repeated. 
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May  19:  Appeared  well;    injection  of  serum  repeated. 

May  20:  Appeared  wetl;   no  weakness. 

May  21,  7.30  A.  M.:  Appeared  well;  no  weakness.  4  P.  M.:  In- 
jection of  serum  repeated. 

May  S2,  3  P.  M.:  Appeared  well;  injection  of  serum  repeated. 

May  $3:  Appeared  well;  no  weakness. 

June  7:  Has  appeared  well  and  has  shown  no  ^mptoms  of  poliomye- 
litis at  any  time. 

Agglutination  and  Complement-deviation  Experiments 
Numerous  agglutination  experiments  have  been  made  with  the  pleo- 
morphic streptococcus,  with  the  serums  from  immunized  horses,  with 
the  serums  from  patients  who  have  recovered  from  poliomyeHtis,  and 
with  the  serums  of  monkeys  paralyzed  with  virus.  As  controls,  normal 
serums  of  these  species  and  numerous  strains  of  streptococci  from  sources 
other  than  poliomyelitis  have  been  used. 

The  agglutinating  titer  of  the  serums  of  the  horses  (especially  Horse 
1)  has  become  very  high,  agglutinations  having  been  obtained  in  dilu- 
tions as  high  8S  1  :  1,000,000.  The  serums  from  both  Horse  1  and 
Horse  3  agglutinated  alike  the  strains  from  human  and  monkey  poho- 
myelitis,  as  shown  in  the  illustration.  Figure  269.  By  the  use  of 
these  serums  it  is  now  possible  to  differentiate  the  strains  which  appear 
to  bear  etiologic  relation  to  poliomyelitis  from  strains  of  streptococci 
found  in  tonsils  which  undoubtedly  have  no  such  relation,  and  from 
strains  of  streptococci  which  may  be  found  occasionally  in  the  nervous 
system  of  uninoculated  animals. 

The  serums  from  S3  patients  who  had  recovered  from  poliomyelitis, 
and  the  serums  from  S7  monkeys  which  became  paralyzed  following 
injections  of  virus,  have  been  found  to  agglutinate  specifically  the  pleo- 
morphic streptococcus  isolated  both  from  poliomyelitis  in  man  and 
from  experimental  poliomyelitis  in  monkeys.  The  serums  from  4S  per- 
sons who  have  not  had  poliomyelitis,  and  the  serums  from  27  normal 
monkeys,  failed  entirely  to  agglutinate  these  strains,  or  agglutinated 
them  in  lower  dilutions  than  the  respective  immune  serums.  Only  two 
of  a  large  number  of  strains  of  streptococci  from  a  wide  range  of  sources 
were  agglutinated  by  poliomyelitic  serums  to  a  degree  comparable  to 
the  agglutination  of  the  pleomorphic  streptococcus.  Antipneumococcus, 
antistreptococcus,  a nti meningococcus,  and  antigonococcus  serums  had 
little  or  no  more  agglutinating  power  over  these  strains  than  normal 
horse  serum. 
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Complement-deviation  tests  made  by  Dr.  Sanford,  while  incomplete, 
show  that  both  Horse  1  and  Horse  3  have  developed  specific  antibodies 
that  in  high  titer  have  complement -deviating  properties  with  the  anti- 
gens made  from  strains  isolated  from  human  poliomyelitis  and  from 
experimental  poliomyelitis  in  monkeys.  Moreover,  by  using  these  im- 
mune horse  serums  for  determining  the  properties  of  bacterial  suspen- 
sions from  various  sources,  it  has  been  found  in  many  instances  that 
strains  isolated  from  both  human  and  monkey  poliomyelitis  have 
marked  antigenic  properties,  while  similarly  prepared  antigens  from 
other  som-ces  do  not  have  these  properties. 

Summary 
It  has  thus  been  shown  that: 

1.  The  serum  of  horses  immunized  with  aerobic  cultures  of  the  pleo- 
morphic streptococcus  from  both  poHomyelitis  in  man  and  experimental 
poliomyelitis  in  the  monkey  developed  specific  antibodies,  agglutinins, 
and  complement-deviating  properties,  the  agglutinins  appearing  to  be 
present  in  large  amount  because  the  serums  cross-agglutinate  these 
strains  specifically  in  very  high  dilutions. 

2.  The  serum  of  patients  and  monkeys  which  have  recovered  from 
attacks  of  poliomyelitis  cross-agglutinates  specifically  many,  but  not 
all,  of  these  strains  in  the  lower  dilutions. 

3.  What  is  of  greatest  significance,  the  serum  of  the  horse  immunized 
with  recently  isolated  strains  from  experimental  poliomyelitis  in  the 
monkey  appears  to  have  developed  neutralizing,  protective  and  curative 
power  against  the  virus  of  poliomyelitis. 
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THE  TREATMENT  OF  EPIDEMIC  POLIOMYELITIS 
WITH  IMMUNE  HORSE  SERUM* 

Preliminary  Report 

E.   C.    ROSENOW 


In  a  previous  report'  it  has  been  shown  that  the  serum  of  a  horse 
which  had  been  immunized  with  streptococci  isolated  from  the  central 
nervous  system  of  monkeys  paralyzed  with  virus,  had  the  power  to 
neutralize  virus  in  vitro,  and  to  prevent  poliomyelitis  in  monkeys  fol- 
lowing intracerebral  inoculation  of  active  virus.  Moreover,  this  serum 
appeared  to  have  a  curative  effect  in  the  experimental  disease  in  mon- 
keys after  the  symptoms  had  begun. 

Opportunity  to  test  the  effect  of  this  serum  in  patients  presented 
itself  during  the  present  epidemic  of  anterior  poliomyelitis  at  Davenport, 
Iowa,  and  surrounding  community.  The  routine  procedure  consists 
of  making  a  spinal  puncture  for  diagnostic  teats  and  for  relief  of  abnormal 
intraspinal  pressure,  and  of  injecting  the  serum.  From  5  to  30  c.c.  of 
spinal  fluid  are  allowed  to  escape,  depending  on  the  age  of  the  patient 
and  the  amount  of  pressure.  The  fluid  is  made  to  flow  slowly  because 
it  b  believed  that  rapid  withdrawal  might  be  harmful.  The  cell  count 
and  Noguchi's  globulin  test  are  made  at  the  bedside,  and  if  positive,  the 
injection  of  serum  is  given  at  once.  The  serum  is  activated  with  com- 
plement by  adding  one  part  of  fresh  guinea-pig  serum  to  nine  parts  of 
the  immune  serum  and  incubating  at  37  C.  for  one  hour.  It  is  then  di- 
luted with  equal  parts  of  0.85  per  cent  salt  solution.  The  diluted  serum 
is  injected  slowly  into  a  suitable  superficial  vein  not  later  than  thirty-six 
hours  after  activation.  Approximately  2  c.c.  of  the  mixture  are  in- 
jected per  minute  of  time.  The  dose  is  varied  according  to  the  age  of 
the  patient  and  severity  of  the  symptoms.  Babies  from  about  one  to 
two  years  of  age  are  given  from  3  to  7  c.c.  of  serum  at  each  injection,  that 
is,  6  to  14  c.c.  of  the  mixture;  children  from  two  to  five  years  of  age  from 

*  Reprinted  from  the  Jour.  Am.  M«d.  Assn..  ISIT,  Ixix,  I07i~1075. 
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7  to  10  C.C.,  and  older  individuals  from  10  to  80  c.c.  The  injections  are 
repeated  in  froni  eight  to  twenty-four  hours  if  necessary. 

Every  patient  in  whom  the  diagnosis  is  definite  and  the  disease  still 
active,  is  given  injections  of  serum  irrespective  of  the  severity  of  symp- 
toms. Altogether  44  patients  have  been  treated.  Of  these  0  died,  a 
mortality  of  90  per  cent.  Of  the  9  fatal  cases,  6  were  moribund,  or  in  a 
dying  condition  from  respiratory  failure  at  the  time  the  serum  was  given, 
and  hence  should  not  be  included  as  treated  cases.  Of  the  S8  patients 
in  whom  there  was  sufficient  time  for  the  serum  to  act,  3  died,  a  mortality 
of  8  per  cent.  One  of  these  was  a  baby  eleven  months  old,  semicoma- 
tose, with  spasms  eight  days  after  onset  of  the  illness  when  the  serum 
was  first  given.  One,  a  boy  two  years  old  with  cyanosis,  marked  trem- 
ors, high  fever,  severe  gastro-enteritis,  and  beginning  respiratory  paraly- 
sis on  the  second  day  at  the  time  of  the  first  injection;  and  one,  a  girl 
eleven  years  old,  with  high  fever  and  paralysis  of  the  face  on  the  third 
day,  when  the  first  dose  of  serum  was  given.  Of  these  38  treated  cases, 
22  showed  definite  paralysis  when  the  treatment  was  begun,  and  16 
were  in  the  preparalytic  stage.  Excepting  the  3  fatal  cases  in  the  former 
group,  paralysis  appeared  to  be  arrested  in  all  but  one,  a  boy  five  years 
of  age,  in  whom  a  moderate  paralysis  developed  iu  the  left  leg,  the  first 
injection  of  serum  being  given  on  the  second  day  of  the  disease.  AU  of 
the  16  cases  treated  before  paralysis  had  begun  recovered  without 
paralysis. 

These  results  are  in  sharp  contrast  to  the  23  untreated  cases  which 
occurred  during  this  epidemic,  of  which  9  patients  died,  a  mortality  of 
35  p>er  cent. 

The  apparent  good  effects  from  the  injection  of  serum  are  often  strik- 
ing. The  headache,  nervousness,  restlessness,  and  tremor  often  dis- 
appear promptly.  The  temperature  and  pulse-rate  are  lowered.  A 
beginning  paralysis  often  disappears  in  an  astonishingly  short  time.  A 
rapidly  progressing  paralysis  is  often  arrested  and  improvement  is  un- 
usually rapid.  The  postparalytic  pains  do  not  appear  or  are  compara- 
tively mild.  It  b  believed  that  the  unactivated  serum  would  do  good, 
and  that  intraspinal  injections  might  be  given  with  benefit,  but  since  the 
activated  serum  and  intravenous  injections  have  given  the  best  results 
in  monkeys,  and  are  yielding  such  splendid  results  in  patients,  I  have  not 
felt  justified  in  changing  the  method.  Intravenous  injections  in  this 
epidemic  appear  especially  desirable  because  the  gastro- intestinal  symp- 
toms are  so  pronounced. 
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It  is,  of  course,  realized  that  many  more  patients  must  be  treated 
before  conclusions  can  be  drawn  as  to  the  exact  value  of  this  treatment. 
Of  its  harmlessness  and  apparent  good  effects  there  can  scarcelj'  be  any 
question.  There  is  on  hand  enough  serum  to  treat  approximately  800 
patients.  Suitable  quantities  will  be  sent  gratis  on  request  to  physician.^ 
or  laboratories  for  reports  of  cases  in  localities  where  poliomyelitis  now 
exists  in  epidemic  form. 

I  wuh  here  to  express  my  very  great  apprecution  for  the  courtesies  exlended  me  in  the 
use  of  the  Patht^ogical  Laboratory  at  Mercy  Hospital,  Davenport,  Iowa,  and  of  the  splen- 
did ooOpention  of  the  physiciaiu  maldng  it  possible  to  tieat  the  disease  id  the  e»rly  stage*. 
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RESULTS  OF  STUDIES  ON  EPIDEMIC  POLIOMY- 
ELITIS* 

E.   C.    ROSENOW 


I  accepted  the  invitation  to  preaent  before  the  American  Public 
Health  Association  the  results  of  my  studies  on  poliomyelitis  with  some 
hesitation,  since  the  details  of  much  of  the  work  have  not  yet  been  pub- 
lished. However,  I  consented  to  do  so  in  the  belief  that  it  might  lead 
to  a  better  and  a  wider  understanding  of  the  disease  in  its  various  mani- 
festations. 

Ever  since  Landsteiner  and  Levaditi  and  Flexner  and  Lewis  demon- 
strated the  virus  of  poliomyelitis  to  be  filtrable,  bacteria  of  ordinary 
sizegrowingon  ordinary  mediums  under  aiirobicconditions  have  been  con- 
sidered of  little  or  no  etiologic  importance  in  this  disease.  My  own 
studies  were  undertaken  to  determine,  by  methods  used  in  other  dis- 
eases, whether  there  is  present  in  the  infection  atrium  (tonsils,  throat, 
adenoids,  etc.),  and  in  the  involved  tissues  themselves,  bacteria  of  the 
above  type  which  might  localize  electively  in  the  central  nervous  system 
of  animals. 

From  July  21  to  August  10,  1916,  there  were  studied  7  typical  cases 
of  epidemic  poliomyelitis  which  occurred  in  Rochester.  The  cultures 
obtained  from  material  expressed  from  the  tonsils,  injected  intraven- 
ously in  young  animals  (chiefiy  guinea-pigs  and  rabbits),  was  followed  by 
flaccid  paralysis  in  some  of  the  animals  in  each  case.  On  the  basb  of 
these  striking  results  I  decided  to  go  to  New  York  where  these  experi- 
ments might  be  repeated  and  where  postmortem  material  mi^t  be 
available.  From  August  12  to  October  6,  during  the  height  of  the  epi- 
demic in  Xew  York,  in  conjunction  with  Dr.  E.  B.  Towne  and  Dr.  G. 
W.  Wheeler,  the  above  results  were  verified  with  tonsil  strain.s  and  ex- 
tended to  strains  from  brain  and  cord.  At  a  later  date,  by  the  use  of 
similar  methods,  similar  results  were  obtained  with  brain  and  cord 

*  Presented  before  the  laboratory  Seetion  of  the  American  Public  Health  Aaaocic' 
tioD.  Waahington,  D.  C,  October  iO,  1917.  Reprinted  from  Ainer.  Jour.  Pub.  Health. 
1917,  i"   "■ 
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strains  by  Mathers,  and  Nuzuin  and  llerzog.  The  extirpated  tonsils  of 
patients  who  were  not  convalescing  as  they  should  be,  and  particularly 
those  obtained  in  fatal  cases,  were  found  to  contain  peculiar  abscesses  in 
which  this  streptococcus  was  present  in  enormous  numbers.  Cultures 
of  the  brain  and  cord  in  each  of  H  fatal  cases  yielded  the  identical  strep- 
tococcus which  also  showed  a  marked  tendency  to  invade  the  central 
nervous  system  of  animab.  The  same  organism  has  been  isolated  from 
the  brain  and  cord  of  every  monkey  paralyzed  either  with  fresh  human 
virus,  with  glycerinated  human  virus,  glycerinated  monkey  virus,  or  with 
filtrates  of  virus.  Moreover,  it  has  been  repeatedly  isolated  from  gly- 
cerinated human  and  monkey  virus  months  after  glycerination  and  from 
filtrates  of  virus  which  were  proved  to  produce  poliomyelitis  in  monkeys. 
Control  cultures  in  numerous  normal  guinea-pigs  and  rabbits,  and  in 
inoculated  monkeys  dying  of  ulcerative  colitis,  showed  streptococci  in 
small  numbers  in  a  few  instances  only,  and  these  were  either  culturally  or 
immunologically  different  from  those  isolated  from  poliomyelitic  tissues. 
On  blood-agar  plates  the  organism  produces  fine,  dry,  non-adherent, 
slightly  green  colonies,  at  times  showing  in  forty-eight  hours  a  narrow 
hazy  zone  of  hemolysis.  On  this  medium,  as  well  as  in  ascites-dextrose 
agar,  the  organisms  are  quite  uniform  in  size  and  resemble  pneumococci, 
but  are  usually  smaller  and  free  from  demonstrable  capsule.  In  tall 
tubes  of  ascites -dextrose  broth  with  or  without  sterile  tissue  there  is 
usually  an  early  diffuse  turbidity,  or  there  may  be  a  flocculent  growth 
which  collects  along  the  side  of  the  tube  and  gradually  settles  to  the 
bottom.  Early  smears  show  short  chains  of  diplococci  resembling 
pneumococci,  a  smaller  number  of  medium-sized  cocci  in  pairs,  and  oc- 
casionally very  small  coccus  forms.  In  ascites  fiuid  containing  sterile 
tissue  the  growth  appears  as  a  slight  haziness  near  the  bottom  of  the 
tube  on  the  fourth  or  fifth  day  when  cultures  are  made  of  human  or 
animal  brain  and  cord.  In  a  very  few  instances  the  early  smears  have 
shown  the  tiny  globoid  bodies  described  by  Flexner  and  Noguchi  in 
apparently  pure  culture,  but  usually  there  have  also  been  a  certain  num- 
ber of  medium-sized  diplococci  in  short  chains,  which  Flexner  and  Nogu- 
chi and  others  have  considered  contaminations.  Transplants  from  one 
to  another  of  these  liquid  mediums  disclose  a  marked  tendency  of  the 
microorganism  to  change  to  the  form  characteristic  of  the  medium  in 
which  it  is  planted.  Thus,  an  apparently  pure  culture  of  the  very  small 
globoid  bodies  in  ascites  tissue  fluid  when  transferred  to  ascites  dextrose 
tissue  broth  grows  out  rapidly,  often  in  twenty-four  hours,  into  the  char- 
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acteristic  polymorphous  streptococcus.  Similarly  a  transplant  from 
broth  to  ascites  fluid  tends  to  grow  slowly  smaller. 

The  mechanism  by  which  the  large  forms  become  small  has  been 
demonstrated.  Cultures  of  Berkefeld  N  filtrates  of  emutsioas  of  brain 
and  cord  of  rabbits  dead  from  paralyais  following  iatravenous  injection, 
with  suspensions  of  broth  cultures  showing  only  the  large  forms,  have 
repeatedly  grown  out  in  this  characteristic  form  in  each  of  these  culture- 
mediums.  Cultures  showing  the  small  forms  have  been  filtered,  and 
cultures  of  the  filtrate  have  grown,  but  no  growth  has  been  obtained 
from  filtrates  of  cultures  of  the  same  strains  showing  only  large  forms. 
The  same  emulsions  filtered  through  dense  porcelain  candles  have,  with 
few  exceptions,  always  been  sterile. 

In  all  the  liquid  mediums  during  the  early  days  of  growth,  chains  are 
often  found  in  which  there  are  single  members  of  all  sizes  and  shapes — 
large  diplococci,  large  coccus  forms,  small  diplocbcci,  and  small  coccus 
forms.  Frequently,  elongated  forms  resembling  diphtheroid  bacilli  or 
distinct  rods  are  found  in  chains  which  are  made  up  chiefly  of  typical 
diplococcus  forms.  This  has  occurred  in  strains  that  have  been  fished 
successively  several  times  from  single  colonies  of  shake  and  plate  cul- 
tures, and  in  those  from  filtrates,  and  are  therefore  believed  to  be  varia- 
tions of  one  organism  and  not  contaminations. 

The  importance  of  immunologic  studies  with  this  pleomorphic  strep- 
tococcus to  determine  the  exact  relation  between  this  organism  and  virus 
as  generally  understood  was  recognized  very  early  in  the  work.  Re- 
cently isolated  cultures  were  found  to  protect  monkeys  against  virus.' 
Horses  have  been  immunized,  one  with  cultures  isolated  a  short  time 
previously  from  brain  and  cord  of  monkeys  paralyzed  with  virus,  and 
another  with  those  isolated  from  the  cases  of  human  poliomyelitis  which 
occurred  last  summer.*  By  means  of  these  serums  it  has  been  determined 
that  the  strains  isolated  from  human  poliomyelitis  and  experimental 
poliomyelitis  in  the  monkey  (following  injection  of  virus)  arc  immunologi- 
cally identical,  both  being  cross-agglutinated  specifically  in  high  dilu- 
tion by  these  serums  respectively.  Moreover,  by  selecting  particularly 
sensitive  strains  with  the  immune  horse  serums  it  has  been  found  that 
the  serum  of  patients  and  monkeys  having  recovered  from  poliomyelitic 
attacks  likewise  agglutinated  specifically  the  strains  both  from  human 
and  monkey  poliomyelitis.  The  serum  from  the  horse  {H<»se  1)  in- 
jected from  November  2,  1916,  to  May  10,  1917,  with  recently  isolated 
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strains  from  monkeys  was  found  to  have  definite  protection  and  appar- 
ently curative  power  against  virus  in  monkeys. 

The  effect  of  this  serum  was  tested  recently  on  56  cases  of  human 
poliomyelitis  during  the  epidemic  at  Da^-enport,  Iowa.  The  technic  of 
the  preparation  and  administration  of  the  serum,  the  diagnostic  tests 
and  the  results  obtained  in  44  cases,  have  already  been  published.  The 
detaib  of  the  cases  will  appear  later.'  Suffice  it  to  state  that  all  the  16 
patients  who  received  the  serum  before  paralysis  had  set  in  recovered 
promptly  without  paralysis.  AH  the  17  patients  with  slight  paralysis 
who  received  the  serum  likewise  recovered.  In  only  one  of  these  did  the 
paralysb  extend,  and  then  but  slightly.  In  all  the  others  paralysis  was 
arrested  and  recovery  took  place  promptly.  AH  will  undoubtedly  have 
complete  restoration  of  function.  Twenty-three  patients  had  advanced 
paralysis  when  serum  treatment  was  begun.  Ten  of  these  died,  giving 
a  mortality  rate  of  18  per  cent.  Seven  were  practically  moribund  when 
the  serum  was  given,  and  hence  cannot  be  counted  against  the  serum. 
In  the  3  remaining  fatal  cases  the  serum  had  time  to  act.  One  was  a 
baby.eleven  months  old,  semicomatose,  with  spasms  eight  days  after  the 
onset  of  the  illness,  when  the  serum  was  first  given.  One,  a  boy  two  years 
old  with  cyanosis,  marked  tremors,  high  fever,  severe  gastroenteritis, 
and  beginning  respiratory  paralysis  on  the  second  day  at  the  time  of  the 
first  injection;  and  one,  a  ^rl  eleven  years  old,  with  high  fever  and 
paralysis  of  the  face  on  the  third  day  when  the  first  dose  of  serum  was 
given.  Hence  this  makes  a  mortality  of  about  6  per  cent  in  sharp  con- 
trast to  the  9  deaths  which  occurred  in  23  untreated  cases — a  mortality 
rate  of  35  per  cent. 

The  epidemic  in  Davenport  differed  from  those  studied  last  year  in 
,  Rochester  and  in  New  York  in  that  gastro-intestinal  symptoms  and  the 
symptoms  referable  to  the  central  nervous  axis  were  more  pronounced, 
and  that  the  mortality  rate  was  higher  in  the  cases  in  which  serum  treat- 
ment was  not  used.  The  results  obtained  last  year  with  reference  to 
the  tonsils  as  affording  an  important  place  of  entrance  for  the  infection 
have  been  verified  and  extended.  Glandular  enlargement  was  found  in 
many  cases  to  be  in  proportion  to  the  evidence  of  infection  in  one  or  both 
tonsib,  as  obtained  on  examination  of  the  patient  and  on  dissection  of 
the  tonsils  after  death. 

The  identical  streptococcus  has  been  found  in  enormous  numbers  in 
the  characteristic  abscesses  in  tonsils.  It  has  been  isolated  from  brain 
and  cord  in  all  fatal  cases  in  which  cultures  were  made,  and  from  mon- 
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keys  paralyzed  with  the  new  virus.  As  occurred  last  year,  injection  of 
recently  isolated  cultures  into  animals  was  followed  by  characteristic 
localization.  Very  little  or  no  evidence  of  contact-infections  could  be 
found.  The  occurrence  of  more  than  one  case  in  a  family  was  rare  and 
in  such  instances  the  attacks  were  close  together.  A  careful  study  of  the 
state  of  health  of  others  in  the  family  in  which  typical  cases  occurred, 
and  of  the  general  health  of  the  community  at  the  time  of  the  epidemic, 
the  details  of  which  will  appear  subsequently,  brings  with  it  the  con- 
viction that  a  large  proportion  of  the  population  harbored  the  infection 
and  that  only  one  case  out  of  the  usual  number  (1  in  600  to  1  in  1000 
inhabitants)  developed  the  typical  syndrome  recognized  as  poliomyelitis. 
Prom  the  studies  detailed  here  the  infection  appears  to  be  due  to  a  form 
of  streptococcus  (using  this  term  in  the  broad  sense)  having  peculiar 
localizing  powers.  In  this  connection  it  is  of  interest  to  note  that  the 
incidence  of  poliomyelitis  in  families  and  the  community  at  large  during 
epidemics  in  summer  is  about  that  of  rheumatic  fever  or  pneumonia 
during  the  colder  seasons,  when  the  more  virulent  streptococcal  respira- 
tory and  tonsillar  infections  occur  in  epidemic  form. 
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THE  SURGICAL  TREATMENT  OF  INFANTILE 
PARALYSIS* 

M.    S.    HENDERSON 


The  surgical  or  operative  treatment  is  only  a  small  part  of  the  after- 
care of  the  patient  afflicted  with  infantile  paralysis.  After  the  acute 
symptoms  have  subsided,  in  a  vast  majority  of  instances  there  is  a  flaccid 
paralysb  to  deal  with.  The  treatment  should  be  directed  so  that  the 
paralyzed  muscles  are  held  in  the  position  of  physiologic  rest,  the  posi- 
tion most  advantageous  for  the  return  of  power  and  for  the  prevention  of 
deformity.  It  is  my  purpose  in  this  paper  to  consider  only  those  opera- 
tive procedures  that  are  more  or  less  standardized,  and  briefly  to  outline 
their  usefulness  and  possibilities.  The  postfebrile  period  and  pre- 
operative measures  demand,  first,  as  stated  above,  physiologic  rest  for 
the  paralyzed  muscle,  and  second,  when  signs  of  return  of  power  are 
present,  graduated  exercises,  great  care  being  taken  not  to  overwork  the 
muscle.  Lovett,  in  his  recent  and  most  excellent  investigations,  has 
shown  that  overwork  of  a  partially  paralyzed  muscle  may  delay  or  even 
completely  prevent  the  return  of  power.  We  appreciate  the  significance 
of  this  warning  when  we  realize  that  only  one  muscle  in  ten  affected  is 
completely  paralyzed.  Carefully  graduated  exercises  and  trained  mas- 
sage undoubtedly  conserve  and  increase  the  residual  muscle-power. 

In  the  minds  of  the  laity  electricity  and  braces  are  well  fixed  as  thera- 
peutic agents  for  the  treatment  of  infantile  paralysis.  Electricity  may 
be  somewhat  summarily  dismissed  as  a  factor  of  no  importance,  for 
although  it  cannot  be  said  positively  that  it  does  damage  per  se,  we  may 
safely  conclude  that  its  use  has  resulted  in  a  great  deal  of  harm  because 
of  excessive  application  and  the  exclusion  of  other  valuable  measures  by 
the  laity  and  practitioners  of  various  cults.  Electricity  should  be  given 
only  by  those  who  are  appreciative  of  its  relative  values  in  the  treatment 
of  infantile  paralysis,  and  who  are  trained  in  using  it.     Braces  have  a 

*  Prasented  before  the  Southerii  Minnesota  Medical  AssociatioD.  Faribault,  Minn., 
July  25,  1917.    Reprinted  (ram  the  St.  Paul  Med.  Jour..  1917.  xix,  SSS-37D. 
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well-defined  use,  but  it  must  be  constantly  kept  in  mind  that  they  are  to 
prevent  and  not  to  correct  deformity.  They  should  be  as  light  as  is 
consistent  with  strength  and  as  simple  and  as  cheap  as  possible.  The 
same  brace  should  not  be  worn  night  and  day,  but  a  night  brace  should 
be  provided.  The  latter  is  often  made  of  plaster-of- Paris  in  the  form  of 
a  gutter-splint  or  half  cast. 

There  comes  &  time  when  the  patient  ceases  to  improve  even  under 
the  best  direction  and  treatment.     It  is  at  this  stage  that  operative 
measures   are   to    be   con- 
sidered. 

As  the  disease  affects  the 
nervous  system,  the  trans- 
ferring   of    fibers    from    a 
healthy  ner\'e  into  a  para- 
lyzed nerve-trunk  has  been 
advised   by   some,  notably 
Stoffel,  but  the  results  have 
been  anything  but  satisfac- 
tory.    The  technical   diffi- 
culties of  the  operation  are 
great  and  the  surgeon  must 
be  very  carefully  prepared 
before  undertaking  it,  for  a 
most     intimate     anatomic, 
and   one  might  say  histo- 
logic, knowledge  is  necessary 
Fi*.«o.-,.97»i«..   c,Bu  ,«„rv„,u™,  (h.ri:«-d  ™-       ^°'   '^^    successful    accom- 
S'r^'brJI^™TCki«."'"''''  ""'■' """  '""  '"''■"'"'       plishment.    The  neurotiza- 
tion  of  the   muscle  is  at- 
tempted by  anastomosing  a  healthy  nerve  to  a  paralyzed  nerve,  thus 
sending  healthy  fibers  from  a  normal  nerve-trunk  through  the  sheath  of 
the  paralyzed  nerve  to  the  paralyzed  muscle.     Neurotization  of  the 
paralyzed  muscle  by  opening  the  sheath  of  an  adjacent  healthy  muscle 
and  the  sheath  of  the  paralyzed  muscle,  and  sewing  the  healthy  muscle- 
fibers  to  the  paralyzed  muscle-fibers,  has  also  been  attempted.    These 
attempts  have  been  clinically  unsuccessful,  but  the  experimental  workhas 
been  sufficientlyencouragingto  warrant  further  investigations  (Steindler 
andNutt).     Itisgenerally  conceded  that  as  yet  neither  of  these  methods 
is  to  be  accorded  a  definite  place  in  the  operative  treatment. 
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Primarily  it  should  be  realized  that  the  operative  measures  at  our 
cummand  are  palliative  and  corrective,  but  not  curative;  the  actual 
disease  is  past  and  the  patient  is  suffering  from  the  after-effects  of  an 
infection  which  strikes  the  cerebrospinal  nervous  system.  Unfortu- 
nately, the  location  of  the  lesion  in  the  anterior  horns  of  the  spinal  cord 
precludes  the  possibility  of  any  local  surgical  interference  during  the 


acute  stage.  We  must  place  our  hopes  on  prophylactic  measures  and 
the  use  of  some  kind  of  serum.  Rosenow's  convincing  work  leads  us  to 
expect  much  from  such  measures. 

There  remains  to  the  surfjeon  the  duty  of  restoring  function  to  the 
paralyzed  limbs  by  such  means  and  methods  as  are  at  his  command.  A 
combination  of  unfortunate  circumstances  made  up  of  the  ignorance  of 
the  laity,  lack  of  appreciation  by  the  medical  profession  of  the  impor- 
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tance  of  maintaining  physiologic  rest,  the  extravagant  claims  of  various 
cults  using  electricity,  spinal  adjustments,  etc.,  the  distance  of  some 
patients  from  surgical  centers,  and  often  their  poor  social  condition  al- 
lows the  development  in  many  instances  of  extreme  deformities  (Fig. 
270).     It  is  lamentable  that  the  large  majority  of  the  operations  per- 
formed for  infantile  paralysis  are  necessitated  by  the  lack  of  proper  at- 
tention, muscle  training,  massage,  and  the  intelligent  use  of  braces 
which  could  have  been  carried  out  from  the  time  of  the  onset  of  the 
paralysis,  each  being  used  as 
the  need  arose.  In  the  effort 
to  restore  these  patients  as 
far  as  possible  the  ingenuity 
of   the   surgeon    has    been 
taxed  to  the  utmost. 

In  order  to  prevent  foot- 
drop  and  even  to  give  sta- 
bility to  joints  the  use  of 
silk  or  artificial  suspensoo' 
ligaments  has  been  advo- 
cated, but  in  spiteof  the  fact 
that  it  has  been  used  exten- 
sively it  has  not  secured  for 
itself  a  definite  place  in  our 
armamentarium.  Although 
good  results  have  been 
secured  occasionally,  in  the 
majority  of  instances  the 
.....  silk  has  failed  of  its  purpose. 

ihtdftormiiy  by  theuMoti.br.™.  TendoH  transference  or 

tendon  transplantation  is  an 
extensive  subject  of  itself.  This  procedure  was  rapidly  popularized,  oper- 
ations were  performed  with  no  regard  to  physiologic  or  mechanical  prin- 
ciples, and  the  result  was  only  what  might  be  expected — the  operation  to  a 
large  extent  fell  into  disrepute.  We  now  know  that  cases  suitable  for  this 
method  are  somewhat  rare.  The  muscle  must  be  of  sufficient  strength 
so  that  when  it  is  transferred  it  will  have  power  to  carry  out  its  new 
duties,  which  often  has  to  be  done  at  a  mechanical  disadvantage.  Many 
cases  have  been  reported  as  successes  when  the  only  reason  for  calling 
them  such  was  that  the  muscle  was  able  to  functionate  feebly,  but  the 
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transposed  tendon  was  not 
of  the  slightest  practical 
use.  In  the  foot,  for  ex- 
ample, there  must  be  prac- 
tically normal  power  in 
two  of  the  three  muscle- 
groups  before  the  transfer- 
ence should  be  made  of  one 
of  these  muscles  to  perform 
for  the  paralyzed  group.  If 
the  peroneals  are  paralyzed 
and  the  tibialis  anticus  and 
tendo  achillis  are  normal 
(Figs.  271  and  272},  the 
foot  should  first  be  cor- 
rected, if  any  deformity 
is  present,  and  the  tibialis 
anticus  tendon  transferred 

.     ,,      .  ..  ...  Fig.  4TS.— (1SS«*.)     AltrroptT-ticm.    'HbuilitutiniKiplitind 

to  the  insertion  of  the  pero-  b>if  of  it  tru  Jnmi  lo  the  «itFr  lidr  oi  the  loot. 

neal   or  inserted  into  the 

paralyzed  tendon  near  the  insertion.  The  tendon  may  be  split  and  a  por- 
tion left  in  the  normal  inser- 
tion (Figs.  273  and  274). 
Mechanical  principles  must 
be  adhered  to,  and  care  taken 
that  the  transferred  tendon 
is  not  expected  to  pull 
around  a  corner,  so  to  speak. 
The  line  between  the  origin 
and  the  new  insertion  should 
be  as  straight  as  possible. 
Occasionally  the  extensor 
proprius  hallucis  may  be  in- 
serted into  the  head  of  the 
first  metatarsal  bone  or  into 
the  inner  side  of  the  foot  to 
take  up  the  work  of  the  tibi- 
alis anticus.    The  greatest 

care  must  be  taken  that  a 
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balance  is  not  further  weakened.     A  very  useful  tendon  transference  has 

been  that  of  the  biceps  or  semi  tend  inosus  of  the  thigh  into  the  patella. 

This  gives  greatly  increased  stability  if  not  much  increase  in  the  extension 

power  of  the  knee  in  cases  of  paralysis  of  the  quadriceps  femoris.      In  my 

experience  transference  of  the  peroneals  to  the  inner  side  of  the  foot  has 

not  been  of  any  value  and  in  our  clinic  has  practically  been  abandoned. 

Generally  speaking,  the  tendon  transferences  have  not  come  up  to  our 

early  expectations.    We  are  now 

gradually   standardizing   them, 

but   there   is  no    operation   in 

surgery    that    demands    more 

careful  preoperative  study  and 

selection  of  cases.     The  patient 

must  be  studied.     It  is  clearly 

useless    to    do   a    transference 

before  the  child  is  old  enough 

to  cooperate  in  the  training  of 

the  muscle  in  its  new  situation 

after  the  operation.     This  age 

has  been  arbitrarily  set  at  eight 

years. 

The  Whitman  type  of  astrag- 
alectomy  is  perhaps  the  most 
useful  operation  that  has  been 
devised  to  treat  certain  deformi- 
ties of  the  foot,  notably  calca- 
neus and  calcaneovalgus,  with 
the  accompanying  flail  ankle. 
To  attain  the  best  results,  the 
Fig.  *7s.  -(1SB.144.)   fimI  .hogidrr,  Hiies  laid  dowu   by   ^\'hit^lan 

must  be  carefully  adhered  to. 
The  inadequacy  of  silk  as  a  suspensory  ligament  and  stabilizer  led 
Gallic  to  use  the  distal  ends  of  paralyzed  tendons.  The  method  is  per- 
haps best  illustrated  by  a  concrete  example,  foot-drop  with  the  accom- 
panying valgoid  deformity.  Here  we  have  to  deal  with  paralyzed  ex- 
tensors. By  dividing  the  tibialis  anticus  tendon  just  above  the  ankle, 
scarifying  the  glistening  smooth  surface,  implanting  it  in  a  groove  pre- 
pared in  the  lower  end  of  the  tibia,  sewing  it  firmly  to  the  periosteum 
with  the  foot  held  in  the  position  of  election,  the  tendon  grows  firmly 
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to  the  bone  and  acts  as  a  true  living  suspensory  ligament.  Gallie  has 
produced  proof  that  this  can  be  done  successfully  and  it  ha^  been  my 
experience  that  if  carefully  done,  it  is  a  most  useful  procedure.  Careful 
tecbnic  is  essential  to  success. 

In  certain  cases  arthrodesis  is  to  be  preferred  to  any  other  type  of 
operation.  This  naturally  should  be  used  only  for  persons  beyond  the 
age  of  puberty,  on  whom  thorough  conservative  measures  have  been 
tried  or  sufEcient  time  has  elapsed  since  the  onset,  to  ascertain  whether 


J"lg.  *M.— (1»l«*4.1     ArlhrotlnB  of  jhouldrr-joinl. 

or  not  power  would  return  to  any  of  the  paralyzed  muscles.  Unfortu- 
nately, in  not  a  few  instances  in  which  a  knee-joint  has  been  ankylosed 
it  was  taken  for  panted  that  the  quadriceps  was  completely  {mralyzed 
only  to  find  that  after  the  postoperative  fixation  of  the  entire  limb, 
necessary  to  secure  ankylosis,  power  had  returned  in  the  quadriceps. 
The  rule  holds  and  must  be  emphasized  that  before  ankylosing  any  joint, 
the  limb  should  be  placed  in  the  position  of  physiologic  rest  in  order  that 
we  may  be  positive  the  paralysis  is  complete  enough  to  warrant  the  opera- 
tion.    Arthrodesis  of  tht  astragalus  and  os  calcis  has  been  advocated  by 
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Davis  for  certain  cases  of  flail  ankle.  Davis  claims  that  in  the  majority 
of  cases  of  the  severe  valgoid  deformities  this  will  do  away  with  the 
necessity  of  performing  an  astragalectomy.  The  valgus  is  caused  by  the 
slipping  action  of  the  os  calois  on  the  astragalus  and  not  of  the  astragalus 
on  the  tibia,  the  astragalus  being  held  firmly  between  the  malleoli  and 
no  lateral  motion  being  permitted.     Arthrodesis  of  the  astragalus  and 


OS  calois,  however,  will  not  apply  to  severe  late  cases  of  calcaneous  de- 
formity. 

The  social  status  of  the  patient  perhaps  more  than  any  other  one 
factor  determines  the  advisability  of  an  arthrodesis.  For  example  in  the 
case  of  a  flail  knee  a  man  or  a  woman  working  in  an  office  might  prefer  a 
lock-jointed  brace,  whereas  a  man  or  a  woman  whose  duties  required 
much  standing  and  walking  would  prefer  an  ankylosed  joint  in  order  to 
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do  away  with  the  wearing  of  the  brace  and  all  of  its  accompanying 
convenience.     In  a  patient  who  has  a  useful  foot  and  a  weigh t-beariu^ 
hip,  but  a  flail  knee,  the  ankylosing  of  the  knee  is  very  satisfactory.     So 
also  in  the  case  of  the  patient  who  has  a  good  ankle  and  foot  and  a  fair 
knee  power,  but  a  paralysis  of  the  hip  muscles,  an  ankylosis  of  the  hip 
is  of  great  benefit,  placing  the  thigh  at  an  angle  of  flexion  of  40  degrees 
with  slight  abduction,  and 
thus  allowing  the  patient 
to  walk  with  only  a  slight 
limp  while  still  permitting 
him  to  sit  down  in  an  or- 
dinary chair.     Oftentimes 
a  shoulder  paralysis  is  ex- 
tremely inconvenient  (Fig. 
276).     When  the  deltoid 
muscle    is   paralyzed   but 
the  scapular  muscles  are 
working,  an  ankylosis  of 
the  humerus  to  the  scapula 
at  a  right  angle  gives  a 
very  useful  arm.    Immedi- 
ately following  the  opera- 
tion a  plaster-of-Paris  cast 
or  brace   must   be   worn 
(Fig.  277),  the  arm  being 
held   at   right    angles    to 
the  trunk  until  the  anky- 
losis is  firm.     When   the 
ankylosis  is  complete,  the 
arm   may  be   allowed   to  Fix.  «7B,-ris8»M.)   showing  tiie  «buiiy  oi  thrp.ii™i  to 

1  1       It      .       .1         -1  abduct  the  am  to  rwht  miuiF  and  (olowh  thv  opposite  shoulder. 

drop  gradually  to  the  side.      .iier  uthtodnu. 
It  will  then  be  found  that 

the  scapular  muscles  will  enable  the  patient  to  abduct  the  arm  to  a  right 
angle,  a  source  of  great  satisfaction  to  those  unfortunates  who  have  pre- 
viously been  denied  this  motion  (Fig.  278).  A  flail  elbow  may  be  an- 
kylosed  at  a  right  angle,  and  this  is  particularly  gratifying  if  the  patient 
has  good  forearm  muscles  so  he  can  use  the  hand.  ^Mlen  the  hand  is  para- 
lyzed, however,  an  operation  of  any  sort  is  not  satisfactory,  as  a  rule.  The 
opportunity  for  transferring  tendons  in  the  case  of  bands  is  extremely 
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limited,  the  motion  of  the  fingers  being  so  specialized  and  intricate  that 
it  is  very  hard  to  reeducate  the  muscles.  In  wrist-drop,  transference  of 
the  flexor  carpi  iilnaris  into  the  extensors  has  been  advised. 

Before  undertaking  any  operative  steps  in  the  lower  extremities  the 
line  of  weight-bearing  must  be  carefully  investigated  to  see  if  there  are 
any  gross  variations.  Hoke  has  called  our  attention  to  the  fact  that  at 
times  there^is  associated  a  more  or  less  rotary  deformity  in  the  femur  and 
tibia,  the  correction  of  which  will  re^tablish  the  correct  weight-bearing 
line,  and  the  increased  stability  thus  secured  is  often  quite  surprising. 

Conclusions 

1.  Operations  for  infantile  paralysis  demand  a  careful  consideration 
of  the  social  status  of  the  patient  as  well  as  careful  testing  of  the  muscle 
function. 

i.  operative  procedures  are  to  be  undertaken  in  cases  of  infantile 
paralysis  only  after  it  is  certain  that  power  will  not  return  to  the  para- 
lyzed muscles. 

3.  The  use  of  silk  as  artificial  ligaments  is  not  advisable. 

4.  Tendon  transference  or  transplantation  operations  are  to  be  under- 
taken only  when  the  muscle  to  be  transferred  is  powerful  enough  to 
carry  out  its  new  duties,  and  should  not  be  performed  when  more  than 
one  group  of  muscles  in  the  limb  is  paralyzed. 

5.  Arthrodesis  is  an  operation  to  be  decided  on  from  the  extent  of 
the  paralysis  and  the  social  status  of  the  patient. 
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There  seems  to  be  a  great  deal  of  misunderstanding  among  men  in 
the  medical  profession  in  regard  to  spina  bifida  and  the  results  that  may 
be  expected  from  the  surgical  treatment  of  the  condition.     Spina  bifida 
should  be  looked  upon  as  a  hemia  from  the  spinal  canal  due  to  an  excess 
of  pressure  in  that  canal  in  intra-uterine  life.     Such  hernias  occur  at  the 
point  in  the  canal  where  ossification  of  the 
vertehrse  takes  place  at  a  late  period  of  de- 
velopment.   The  ossification  is  at  the  upper 
and  lower  ends  of  the  spine,  that  is,  at  the 
cer\-ieal  and  lumbar  sacral  portions.     For 
some  unknown  cause,  probably  an  excess  or 
diminution  of  hormones  in  the  blood  of  the 
mother,  the  choroid  plexus  is  stimulated  to 
secrete  an  excess  of  cerebrospinal  fluid.    As 
this  excess  of  fluid  accumulates  the  spinal 
canal  bulges,  thus  making  room  for  the 
formation  of  a  true  hemia.     Such  hernias, 
or  spina  bifida,  as  they  are  commonly  called, 
are  usually  divided  into  three  groups,  de- 
pending for  their  classification  on  the  con- 
tents of  the  hernial  sac.  When  the  meninges 
alone  bulge  into  the  sac,  the  hemia  is  known 

as  a  meningocele.  When,  in  addition,  some  „,  thfiJoS^d'^Jn  "chitf^il* 
of  the  nerve-fibers  or  a  portion  of  the  spinal  K'^'thll'Wr'^.hS!'""'"  "  ''"'""^ 
cord  itself  bulges  into  the  sac,  it  is  known  as 

a  myelomeningocele.  If  the  pressure  comes  in  the  center  of  the  spinal 
cord  so  that  a  hemia  of  the  neural  canal  itself  occurs,  with  bulging  of 
the  meninges,  the  condition  is  known  as  syringomyelocele  (Figs.  279, 
880,  281,  and  282). 
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Other  evidence  to  support  the  belief  that  these  are  true  hernias  of 
the  spinal  canal  is  the  fact  that  in  so  many  instances  there  is  an  associ- 
ated hydrocephalus.     An  idea  seems  to 
prevail  in  the  medical  profession  that  the 
excessive  fluid  is  secreted  in  the  sac  of  the 
spina  bifida  and  that  if,  by  operative  in- 
terference, this  sac  can  be  obliterated  the 
excess  of  cerebrospinal  fluid  will  cease 
and  the  patient  be  improved  thereby. 
This  idea  is  entirely  erroneous.    The  Q  uid 
is  normal  cerebrospinal  fluid  secreted, 
in  all  persons,  by  the  choroid  plexus,  so 
that  any  operation  on  the  spina  biflda 
sac  would  have  no  more  influence  in  pre- 
Pii^  m— (iBB.tis.)   MeniiwDwie  oi      Venting  the  excessive  secretion  than  the 
th"""?!  b  ■   '^°  !«'»'>'»'' "'  dt'iruciion  oi      removal  of  a  large  umbilical  hernia  has 
on  the  secretion  of  the  ascitic  fluid  in  a 
person  aSlicted  with  this  disorder.     The  influence  that  operative  inter- 
ference may  possibly  have  in  a  case  of  spina  bifida  associated  with  hydro- 
cephalus is  to  prevent  the  safety-valve 
action  due  to  the  elasticity  of  the  walls 
of  the  sac  and  consequently  increase 
the  hydrocephalus. 

The  sooner  it  is  learned  that  patients 
with  hydrocephalus  and  a  rapidly  grow- 
ing spina  biflda  are  not  surgical  cases, 
the  sooner  will  the  operative  mortality 
drop.  To  cure  the  hydrocephalus  with- 
out operation  should  be  the  first  effort 
in  the  treatment  of  such  a  case.  There 
is  no  accepted  treatment  for  the  condi- 
tion,but  probably  the  most  rational  pro- 
cedure is  to  puncture  the  corpus  callo- 
sum.     Marked  improvement  in  hydro-       , ,  Fw.  «8i,_(i»i.«h.)   MiTiommmgowie 

I  -'  of  the  lumbosurid  r^wn.      Min  Uiitty.iuiiF 

cephalus  has  recently  been  reported  fol-     'a»S<iMoT-k  tife'^^Sbi™' "'""''  '"''  " 
lowing  this  procedure.     We  have  per- 
sonally seen  considerable  improvement  in  several  cases,  but  they  have 
not  been  under  consideration  long  enough  to  prove  that  cure  has  been 
effected. 
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Another  very  prevalent  erroneous  impression  is  that  when  these 
persons  have  paralysis  of  the  lower  extremities  with  loss  of  control  of 
the  bladder  and  bowels  an  operation  may  cure  them.     Physicians  should 
be  taught  that  when  there  is  paralysis  it  is  due  to  the  fact  that  some  of 
the  nerves  or  an  entire  portion  of  the  lower  end  of  the  spinal  cord  that 
should  supply  the  lower  extremities  and  furnish  innervation  to  the  pel- 
vis, pass  out  into  the  spina  bifida  sac  and  often  terminate  there.     Con- 
sequently removal  of  these  nerve-twigs  and  portions  of  the  spinal  cord 
from  the  hernial  sac  with  replacement  into  the  spinal  canal  has  almost 
no  effect  on  the  patient*s  condition.    The 
only  cases  in  which  such  improvement 
can  be  expected  are  the  few  in  which  the 
nerve  bulges  into  the  spina  bifida  sac,  be- 
comes adherent  there,  and  again  enters 
the  spinal  canal.     Freeing  such  a  nerve 
from  its  adhesions  may  reestablish  its 
function;  on  the  other  hand,  it  may  also 
interfere  with  function. 

In  our  series  of  cases  there  has  not 
been  an  instance  in  which  a  child  having 
paralysis  before  operation  completely  re- 
covered the  use  of  the  extremities  after 
the  operation.  There  have  been,  how- 
ever, a  number  of  instances  in  which  the 
sphincter  control  of  both  bladder  and 
bowel  have  improved  or  have  become 

practically   normal.     This  probably   is  pig,  «8*,-iim,408.)    ^ringoniKio- 

due    to   the    improvement    which    oc-     ^nhi  math's  ord.""in™ivSqtSn.i'thcbw. 
curred   with   the   child's  development, 
and  should  not  be  attributed  to  the  improvement  following  the  operation. 

Periodically  a  case  is  reported  in  which  operation  has  been  done  and 
the  bony  defect  in  the  spine  closed  by  the  insertion  of  a  bone-graft  taken 
from  some  other  part  of  the  body.  This  procedure  is  ridiculous  on  the 
face  of  it,  since  no  extreme  tension  is  needed  in  the  cure  of  these  cases, 
in  which  the  hernial  sac  has  become  stationary.  In  cases  in  which  the 
hernial  sac  is  rapidly  increasing,  operation  is  contraindicated  for  the 
reason  that  when  the  hernial  sac  is  closed,  even  by  approximation  of  the 
soft  tissues,  the  intracranial  pressure  increases  so  rapidly  that  death 
usually  occurs  within  the  first  few  days. 
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The  bony  defect  due  to  the  loss  of  one  or  two  arches  of  the  vertebwe 
is  not  a  serious  matter  and  is  of  little  consequence  since  the  arches  to  the 
vertebrse  have  no  function  in  the  support  of  the  body-weight  except  for 
the  attachment  of  muscles.  No  fiu'ther  explanation  is  needed  on  this 
point  other  than  to  mention  the  fact  that  in  laminectomy  cases  in  adults, 
when  as  many  as  six  to  eight  vertebral  arches  have  been  removed,  the 
patient  sits  up  and  walks  about  without  any  difficulty  immediately 
after  the  operation.  He  does  not  know,  unless  told,  that  any  bone  has 
been  removed. 

The  child  should  be  thoroughly  examined  before  any  operati^'e  pro- 


cedure is  advised,  to  determine  the  general  physical  condition,  the  possi- 
bility of  a  hydrocephalus,  and  the  absence  or  amount  of  paralysis.  It 
is  important  to  discuss  the  prognosis  with  the  child's  parents,  as  fre- 
quently they  are  led  to  believe  that  the  operation  will  relieve  the 
paralysis  as  well  as  remove  the  hernial  sac.  If  the  patient  is  old  enough 
to  understand  his  condition,  it  is  advisable  to  make  a  neurologic  examin- 
ation, which  will  assist  in  determining  the  exact  amount  of  sensory  and 
motor  disturbance.  It  is  also  important  to  make  a  roentgen  examina- 
tion in  order  to  detect  bony  defects,  if  any  are  present. 

The  most  suitable  time  for  operation  on  a  spina  bifida  is  when  the 
child  is  from  nine  months  to  two  years  of  age.     At  an  earlier  age  the 
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operative  mortality  is  very  high.  After  the  age  of  nine  months  the  child 
is  old  enough  to  take  some  nourishment  besides  milk  and  usually  stands 
the  operation  very  well.  However,  it  is  not  advisable  to  wait  longer 
than  two  years,  as  the  hernial  sac  is  apt  to  become  very  large  and  this 
increases  the  risk  of  its  being  ruptured  as  the  child  is  up  and  about  and 
may  slip  away  from  the  mother's  care. 

It  has  been  our  experience  that  adults  with  spina  bifida  have  been 
poor  operative  risks.  In  the  6rst  place,  the  tissue  around  and  in  the 
hernial  sac  is  more  or  less  macerated  and  mildly  infected.     It  is  difficult 


to  cleanse  and  keep  sterile,  besides  being  very  indolent  in  its  regeneration; 
consequently  the  primary  healing  of  skin-flaps  following  operation  rarely 
occurs  regardless  of  the  precautions  taken  not  to  constrict  the  pedicles 
of  the  skin-flaps.  Usually  the  necrosis  which  follows  an  operation  takes 
place  not  only  in  the  skin-flap,  but  also  in  the  tissue  at  some  distance 
from  the  operative  incision,  possibly  due  to  some  atrophic  disturbance 
which  necessitates  healing  of  the  wound  by  granulation.  When  this 
necrotic  condition  is  present,  infection  is  very  apt  to  develop  and  in  turn 
give  rise  to  meningitis.     If  the  meningitis  remains  local,  the  patient  may 
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continue  to  improve  and  eventually  have  an  excellent  result,  but  often 
the  meningitis  ascends  and  becomes  cerebrospinal  in  type,  ending  in 
death. 

In  regard  to  the  hydrocephalus  associated  with  spina  bifida,  it  is  of 
great  importance  to  ascertain  whether  or  not  hydrocephalus  is  or  has 
been  present  during  the  development  of  the  child.  Operating  in  cases 
of  spina  bifida  in  which  there  is  also  hydrocephalus  gives  a  mortality  of 
about  50  per  cent.     This  is  due  to  the  increased  pressure  that  comes 


Fig,  tU.— Tic  Ent  raw  at  sulum  mnpktfd.     The  incliinn  IhTtninh  thr  will  of  Ihr  ate  nbovi  U»  Gnl  row. 

from  the  removal  of  tie  sac,  inasmuch  as  the  saC  has  acted  as  a  safety- 
valve  during  the  development  of  the  hydrocephalus.  We  have  advised 
against  operating  on  the  spina  bifida  until  the  hydrocephalus  becomes 
stationary,  which  in  some  instances  has  occurred  within  a  year  or  two. 
If  the  hydrocephalus  continues  to  develop,  operating  on  the  spina  bifida 
should  not  be  contemplated.  In  a  few  instances  a  puncture  of  the  cor- 
pus callosum  has  been  done  prior  to  operating  on  the  spina  bifida.  We 
have  been  successful  also  in  slipping  a  drain  of  silk  threads  into  the  open- 
ing made  in  the  corpus,  which  acts  as  a  wick  and  causes  a  complete  col- 
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lapse  of  the  head  with  marked  diminution  in  size  and  tensity  of  the  spina 
bifida.  The  repair  of  the  hernial  sac  is  done  ten  days  after  the  puncture 
of  the  corpus  callosum. 

Sufficient  time  has  not  elapsed  since  the  treatment  of  the  cases  under 
our  observation  to  give  any  accurate  data  in  regard  to  the  ultimate  re- 
sults, but  the  patients  made  satisfactory  recoveries  while  in  the  hospital. 
There  was  no  operative  mortality. 

The  hernial  sac  should  be  carefully  inspected,  and  if  there  is  any 
abrasion  or  maceration  of  the  tissue  and  Infection  or  leakage  of  the 
spinal  fluid,  it  will  be  well  to  care  for  these  conditions  before  operating. 
It  is  not  advisable  to  operate  on  the  sac  if  it  is  draining  spinal  fluid,  as 


the  pressure  is  greatly  increased  immediately  following  the  operation 
and  sudden  death  may  ensue.  It  is  better  to  permit  the  opening  to  close 
spontaneously,  as  it  frequently  does,  and  allow  the  sac  to  bulge,  thus 
making  intracerebrospinal  pressure  gradual  instead  of  sudden.  Oc- 
casionally the  pressure  within  the  sac  is  very  tense,  and  in  such  instances 
it  is  well  to  draw  off  an  ounce  or  two  of  the  fluid  to  relieve  the  pressure 
and  to  obser\-e  the  effect  it  has  on  the  child.  If  it  is  possible  to  drain 
the  spina  bifida  several  times  prior  to  operation,  this  will  tend  to  reduce 
the  severe  shock  that  comes  when  the  sac  is  excised.  If  the  spina  bifida 
has  many  abrasions  or  if  the  tissue  is  macerated,  it  is  well  to  cleanse 
with  dilute  alcohol  and  follow  this  by  dressings  of  a  weak  alcohol-iodin 
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solution  (1  part  iodin  to  100  parts  alcohol — 60  per  cent),  changed  two  or 
three  times  a  day. 

Operative  Technic 

Ether  is  the  anesthetic  most  commonly  used.  The  patient  is  placed 
on  the  abdomen  with  the  head  12  inches  lower  than  the  spina  bifida  sac, 
so  that  when  the  hernial  sac  is  opened,  the  fluid  within  the  ventricles 
will  not  drain  into  the  spinal  canal.  The  skin  is  prepared  in  the  usual 
way  with  benzin  and  iodin.  The  operation  used  by  us  differs  from  the 
one  generally  used  for  spina  bifida  in  that  we  open  the  sac  longitudinally 
to  its  full  length  so  as  to  expose  the  opening  over  the  spinal  canal  and 
the  contents  of  the  sac.  This  exposure  will  show  whether  or  not  there 
are  nerve-elements  present  and  if  so,  make  it  possible  to  treat  them.  In 
the  old  type  of  operation  in  which  the  sac  was  dissected  free  without 
opening,  this  distinction  was  not  possible  during  the  course  of  the  opera- 
tion. 

If  the  hernial  sac  is  a  simple  meningocele,  it  is  closed  by  three  rows 
of  chromic  catgut.  If  the  spina  bifida  is  a  myelomeningocele  (a  sac 
containing  nerve-elements),  the  nerve-fibers  are  divided  close  to  their 
exit  from  the  point  in  the  spinal  canal  and  replaced  within  the  spinal 
canal  together  with  the  spinal  cord  before  a  closure  is  made  (Fig.  283). 
If  the  saccontains  a  part  of  the  spinal  cord  itself,  it  then  becomes  necessary 
to  close  the  opening  superficially  to  the  cord  structures.  It  is  not  advis- 
able to  diWde  the  cord-fibers,  as  many  of  these  will  bulge  into  the  sac 
and  then  return  to  the  spinal  canal  and  continue  in  their  normal  course. 

The  first  row  of  sutures  {No.  0  chromic  catgut)  is  placed  in  the  dura 
lining  the  sac,  but  very  low,  so  it  will  come  on  the  same  level  as  the  lamina 
and  approximate  the  edges  of  the  dura  over  the  opening  of  the  spinal 
canal.  The  second  row  of  sutures  (No.  1  chromic  catgut)  is  placed  im- 
mediately above  the  first  row  and  catches  the  fascia  external  to  the 
dura.  Before  the  third  row  (No.  1  chromic  catgut)  is  placed,  the  dura 
covering  the  sac  is  divided  so  that  the  freshly  cut  edges  are  brought  to- 
gether and  the  fascia  planes  are  approximated  over  the  dura.  Follow- 
ing this  the  redundant  skin  is  excised  and  the  skin-edges  are  approxi- 
mated by  a  running  suture  of  plain  catgut  (Figs.  284,  2S5,  286,  and  287). 

The  wound  is  sealed  with  a  cotton  and  collodion  dressing  and  covered 
with  gan7£  and  adhesive,  since  it  is  difficult  to  keep  the  dressings  clean 
in  the  case  of  young  children.     The  patient  is  then  taken  from  the  oper- 
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ating  room  and  placed  on  the  abdomen  on  a  pillow  for  the  first  twenty- 
four  hours,  with  the  buttocks  fully  six  inches  higher  than  the  head.  At 
the  end  of  this  time  the  child  is  permitted  to  lie  on  its  side  with  the  but- 
tocks higher  than  the  head.  If  the  child  is  still  nursing,  the  mother 
should  lie  on  the  bed  beside  it  so  that  in  nursing  the  position  will  not  be 
changed.  The  Trendelenburg  position  is  maintained  for  a  week,  then 
a  flat  position  for  two  or  three  days.  After  this  the  child  is  allowed  to 
sit  up  for  from  ten  to  fifteen  minutes  at  a  time,  two  or  three  times  a  day, 
the  length  of  time  being  gradually  increased  as  convalescence  progresses 
until  the  patient  is  dismissed  on  the  twenty-first  day.  Dressings  may 
be  changed  about  three  times  during  the  convalescence  at  the  hospital. 
In  a  child  the  wound  usually  heals  by  primary  intention. 

Conclusions 

1.  Spina  bifida  is  caused  by  increased  cerebrospinal  pressure  rather 
than  by  bony  defects  in  the  arches  of  the  vertebrie. 

2.  The  age  of  patients  most  suitable  for  operation  is  from  nine 
months  to  two  years. 

3.  At  the  time  of  operation  the  spina  bifida  should  be  free  from  in- 
fections which  may  be  due  to  abrasions  of  the  skin  or  leakage  of  the 
spinal  fluid. 

4.  As  a  general  rule,  paralysis  associated  with  the  spina  bifida  re- 
mains unchanged  by  the  operation. 

5.  Spina  bifida  associated  with  hydrocephalus  should  not  be  oper- 
ated on  until  the  hydrocephalus  becomes  stationary  or  the  pressure  is 
relieved  by  some  operative  procedure. 

6.  It  is  not  advisable  to  operate  on  adults  unless  they  are  having 
serious  trouble,  since  the  mortality  will  be  high  because  of  the  frequency 
of  necrosis  of  the  skin-flaps  and  of  meningitis. 
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Primary  carcinoma  of  the  lunga  and  bronchi  is  a  rare  condition,  and 
one  in  which  it  has  been  very  difficult  to  make  a  diagnosis  clinically. 
The  larger  number  of  cases  reported  have  been  taken  from  postmortem 
data  and  many  of  them  were  incorrectly  diagnosed  or  overlooked  during 
life. 

In  the  roentgenologic  examination  of  the  chest  there  b  a  group  of 
findings  associated  with  primary  pulmonary  carcinoma  that  up  to  this 
time  have  not  been  fully  recognized  and  accorded  their  true  worth. 
The  roentgen  examination  may  early  point  to  a  lesion  in  the  chest,  thus 
making  it  possible,  except  in  the  very  early  and  atypical  ca^es,  to  make 
a  definite  diagnosis  of  primary  carcinoma  of  the  lung. 

From  a  brief  review  of  the  literature  it  appears  that  up  to  this  time 
there  have  been  42S  authentic  case  reports  of  primary  carcinoma  of  the 
lung.  The  most  complete  and  exceUent  monograph  on  the  subject  has 
been  written  by  Adier,'  who  collected  374  definite  cases  and  several  others 
which,  though  questionable,  bore  sufficient  evidence  to  cause  him  to 
put  them  in  a  doubtful  column. 

The  pathology  of  primary  pulmonary  carcinoma  is  most  interesting. 
The  rarity  of  the  disease  is  somewhat  unusual,  since  in  the  lungs  and 
bronchi  there  is  such  a  preponderance  of  tissue  of  epithelial  structure. 
There  are  three  types  of  epithelial  cells:  The  columnar  epithelium  lining 
the  bronchi  and  larger  bronchioles,  the  flattened  or  cubical  epithelium 
lining  the  alveolar  spaces,  and  the  glandular  epithelium  found  in  the 
mucous  glands.  The  endothelial  cells  lining  the  pleura  may  also  be 
mentioned  as  a  possible  source  of  primary  carcinoma  of  the  lung,  but  will 
not  be  discussed  in  this  paper.  In  most  instances  the  carcinomas  origi- 
nate from  the  columnar  cells  lining  the  larger  bronchi.    The  favorite 
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site  of  origin  is  said  to  be  in  the  second  or  third  division  of  the  main 
bronchus,  but  any  portion  may  be  first  involved.  The  primary  nodule 
enlarges,  invades  the  iHvnchial  wall,  and  extends  out  into  the  smaller 
bronchi  and  into  the  parenchyma  of  the  lung.  The  bronchial  lymph- 
glands  are  usually  involved,  but  numerous  cases  are  on  record  in  which 
they  showed  no  evidences  of  metastases,  although  both  lungs  were 
affected.  There  seem  to  be  no  established  data  in  regard  to  the 
frequency  and  the  favorite  sites  of  metastases  outside  the  thoracic  cav- 
ity, unless  it  be  the  axillary  and  cervical  lymph-glands.  The  liver  is 
not  often  involved.  Many  cases  have  been  reported  in  which  there 
were  no  metastases,  but  at  autopsy  both  lungs  have  been  found  exten- 
sively infiltrated  with  cancer  cells.  The  brain  may  be  mentioned  as  a 
probable,  and  at  times  the  only,  site  of  metastasis  in  primary  lung  carci- 
noma. 

Grossly  there  are  three  types  of  primary  carcinoma  of  the  lungs  and 
bronchi:  The  infiltrative,  the  miliary,  and  the  mixed  types.  The  in- 
filtrative type  is  reputed  to  be  the  most  common.  The  condition  starts 
in  one  of  the  larger  bronchi  as  a  nodular  tumor  of  varying  size.  It 
penetrates  the  wall  and  invades  the  lung  along  the  bronchi  and  bronchi- 
oles, the  alveolar  walls,  and  air-spaces  by  way  of  the  blood-vessels  and 
lymphatics,  by  direct  extension,  by  gravity,  and  by  aspiration.  A 
single  lobe  may  be  affected,  usually  the  lower,  or  there  may  be  massive 
areas  involving  parts  of  both  lungs.  In  the  miliary  type  the  nodules  are 
very  numerous,  two  to  ten  or  more  times  the  size  of  macroscopic  miliary 
tubercles,  they  have  a  more  or  less  symmetric  and  diffuse  distribution 
throughout  both  lungs,  and  are  found  far  out  in  the  periphery  as  well  as 
in  the  central  parts.  The  pleura  may  be  involved  with  carcinoma  or 
with  simple  chronic  inflammatory  changes.  The  tumors  are  round  in 
form,  grayish-white  in  color,  invasive  in  character,  notsharply  demarcated 
from  the  surrounding  lung  tissue,  and  firm  on  section.  Several  of  them 
may  coalesce  to  form  larger,  irregular  nodules.  Degeneration  and  cen- 
tral necrosis  sometimes  occur,  leading  to  caseation  and  cavity  formation. 
The  mixed  type  presents  both  the  infiltrative  and  the  miliary  forms  in 
the  same  case.  In  addition  to  a  large  and  hard  wedge-shaped  or  nodular 
area  in  one  or  more  lobes,  the  remainder  of  the  lung  is  diffusely  studded 
with  miliary  nodules  varying  in  size  and  number,  depending  on  the  dura- 
tion of  the  disease. 

The  symptoms  are  variable  and  not  diagnostic,  though  sometimes 
suggestive.     The  age  incidence  of  the  disease  is  similar  to  that  of  all 
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malignancies.  Males  are  more  frequently  affected.  Cough  is  an  early 
aymptom;  it  is  usually  slight,  but  constant  and  distressing.  Expectora- 
tion, if  any,  is  moderate  in  amount:  it  consists  chiefly  of  mucus  and  at 
times  may  be  blood-stained.  Hemoptysis  is  common,  but  the  quantity 
of  blood  is  small.  Inspiratory  dyspnea  comes  on  early,  is  nearly  always 
present,  and  is  exaggerated  by  exertion.  Hoarseness  and  change  of  voice 
from  pressure-paresis  of  one  or  both  vocal  cords  are  common.  Pain 
is  a  prominent,  but  not  early,  symptom.  It  is  associated  with  substernal 
pressure  symptoms  or  pleural  involvement.  Pressure  may  give  rise  to 
dysphagia.  Weight  loss  and  weakness  are  pronounced  and  progressive. 
A  rise  of  temperature  of  0.5°  to  1°  is  usual;  chills  and  sweats  are  rare. 
The  infiltrative  type  runs  a  longer  course  than  the  miliary  or  mixed  type. 

The  physical  findings  are  such  as  would  be  expected  in  massive  of 
patchy  infiltration  and  consolidation  of  the  lung  from  any  cause.  Pleural 
effusion  may  mask  these  signs;  on  aspiration  the  fiuid  may  be  straw- 
colored,  blood-stained,  or  darkly  discolored.  Engorgement  of  the  veins 
of  the  anterior  chest-wall  and  edema  of  one  or  both  arms  may  be  present. 
Enlarged  supraclavicular  or  axillary  glands  are  suggestive,  and  removal 
of  such  glands  may  aid  the  diagnosis. 

In  most  instances  the  roentgen  findings  in  primary  carcinoma  of  the 
lungs  are  pathognomonic  of  the  disease,  and  may  be  the  first  to  suggest 
the  exact  nature  of  the  pulmonary  lesion.  The  areas  of  increased  dens- 
ity, their  size,  shape,  and  position,  are  usually  characteristic  and  aid  in 
the  clinical  diagnosis  more  than  most  other  signs.  This  does  not  imply 
that  all  other  signs  can  be  slighted  or  discarded,  for  it  is  by  a  careful  col- 
lection and  correlation  of  all  the  facts  that  a  satisfactory  differential 
diagnosis  may  best  be  established. 

In  the  roentgen  examination  three  types  of  the  disease  are  recogniz- 
able: namely,  the  infiltrative,  the  miliary,  and  the  mixed,  which  cor- 
respond to  the  gross  pathologic  groupings.  For  convenience  each  type 
will  be  discussed  separately,  though  many  characteristics  are  commoi}  to 
all.  A  striking  feature  in  all  types  and  one  of  considerable  diagnostic 
importance  is  the  absence  of  practically  any  increase  in  mediastinal 
density.  The  presence  of  extensive  pleural  involvement  in  primary 
carcinoma  of  the  lung  renders  the  interpretation  of  the  roentgenogram 
correspondingly  more  difficult,  but  not  impossible.  The  presence  of 
large  pleural  effusions  tends  completely  to  mask  the  roentgenograpbic 
picture  and  to  conceal  the  underlying  and  principal  pathologic  condition 
in  the  lung.     A  second  roentgen  examination  is  necessary  after  thora- 
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centesis.  Fortunately,  the  latter  two  conditions  rarely  occur  until  the 
terminal  stages  of  the  disease. 

In  the  stereoscopic  study  of  the  infiltrative  type  of  primary  carci- 
noma of  the  lung  the  roentgenogram  shows  one  or  more  areas  of  in- 
creased density  along  the  roots  of  the  larger  bronchi.  The  shadows  are 
homogeneous  or  partially  mottled.  The  borders  are  infiltrative  and  not 
sharply  demarcated.  The  areas  of  density  are  wedge  shaped,  with  the 
apex  pointing  toward  the  hilus,  and  there  may  be  either  unilateral  of 
bilateral  involvement.  The  degree  of  density  is  marked  but  varies  with 
the  extent  and  duration  of  the  disease.  Until  there  is  extensive  involve- 
ment, the  process  does  not  reach  the  periphery  of  the  lung  so  that  small 
areas  of  air-filled  lung  tissue  may  be  seen  between  the  growth  and  the 
chest-wall.  The  most  frequent  site  of  this  type  of  lesion  is  in  one  of  the 
lower  lobes.  There  is  always  present  a  hazy  shadow-zone  surrounding 
the  growth,  due  to  congestion  from  active  hyperemia  or  passive  conges- 
tion due  to  mild  pressure,  or  to  both  conditions.  The  roentgen  shadows 
found  in  this  type  of  carcinoma  of  the  lung  at  times  make  the  diagnosis 
difficult.  The  roentgenogram  will  show  the  presence  of  a  lesion  in  the 
lung,  but  if  the  neoplasm  is  in  an  early  stage,  the  areas  of  density  may 
not  be  entirely  typical  of  primary  infiltrative  malignancy.  In  such  caaea 
the  roentgen  diagnosis  can  be  only  tentative,  and  if  the  other  findings  are 
not  sufficiently  corroborative,  a  subsequent  roentgen  examination  should 
be  made. 

Two  of  the  cases  studied  by  us  were  of  the  infiltrative  type.  In  one 
(Case  176118)  the  roentgenogram  showed  the  presence  of  a  lesion  in  the 
lower  right  lung,  the  exact  nature  of  which  was  doubtful  until  an  ex- 
ploratory thoracotomy  and  a  microscopic  examination  were  made.  In 
the  other  case  the  lesion  was  more  extensive  and  typical  of  primary 
malignancy.     Postmortem  examination  confirmed  the  diagnosis. 

In  the  miliar}'  type  there  are  innumerable  regular,  irregular,  or  con- 
glomerate small  areas  of  increased  density  extending  throughout  all  the 
lobes.  Their  borders  are  poorly  defined  and  not  sharply  circumscribed 
from  the  surrounding  parenchyma  of  the  lung  because  of  the  marked 
infiltrating  character  of  the  neoplasm.  The  process  is  diffuse  throughout 
both  lungs,  and  the  areas  of  density  are  distributed  as  uniformly  near  the 
hilus  as  in  the  periphery  of  the  lung.  The  shadows  show  no  tendency  to 
be  arranged  in  groups  or  clusters.  There  are  usually  no  true  caviUes, 
but  there  may  be  localized  dilatations  of  the  smaller  bronchi  and  bronchi- 
oles, the  walls  of  which  can  be  differentiated  from  cavity  formation  only 
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by  the  stereoscope.  Dilated  bronchioles  are  recognized  roentgeno- 
logically  by  the  absence  of  any  thickened  wall.  Two  of  the  cases  herein 
described  are  of  the  miliary  type  (Cases  159177  and  H6018).  In  one 
the  diagnosis  was  confirmed  at  necropsy;  in  the  other  no  necropsy  was 
made. 

The  mixed  type  of  primary  carcinoma  of  the  lung  includes  a  combina- 
tion of  the  infiltrative  and  the  miliary  forms.  In  this  type  are  found 
poorly  circumscribed,  homogeneous,  or  slightly  mottled  areas  of  in- 
creased density  in  one  or  more  parts  of  the  lung,  and  multiple  smaller 
areas  of  increased  density  similar  to  those  found  in  the  miliary  type, 
diffusely  studding  the  entire  remaining  portions  of  both  lungs.  Two 
of  the  cases  (Cases  160751  and  101)685)  were  of  this  type.  In  both,  the 
diagnosis  wa^  confirmed  by  a  postmortem  examination. 

The  differential  diagnosis  of  primary  carcinoma  of  the  lung  must  be 
made  from  a  large  number  of  other  pathologic  conditions  found  in  the 
thorax,  which  in  the  roentgenogram  may  in  a  measure  simulate  carci- 
noma. A  long  and  detailed  description  of  each  is  unnecessary  here,  but 
the  salient  and  important  points  concerning  the  more  confusing  condi- 
tions are  as  follows: 

Bronchiectasis  may  be  confused  with  the  infiltrative  type  of  primary 
pulmonary  carcinoma  in  the  early  stages,  or  when  either  lesion  is  atypi- 
cal. Moore*  has  shown,  however,  that  in  bronchiectasis  the  shadow  is 
fan-shaped  and  extends  to  the  periphery;  also  that  when  a  lower  lobe  is 
involved  the  costophrenic  angle  is  obliterated  and  the  process  is  usually 
though  not  always  bilateral.  Further,  in  bronchiectasis,  cavitation  is 
invariably  present,  with  shadows  suggesting  dense  fibrosis  around  the 
cavity.  When  bronchiectasis  is  suspected,  the  patient  should  be  in- 
duced to  attempt  the  evacuation  of  the  contents  of  the  cavity  by  forced 
cou^ing  and  expectoration,  in  order  that  the  cavitation  may  be  shown 
more  clearly  in  the  second  roentgenogram. 

Pulmonary  abscess  and  encysted  empyema  are  usually  not  difficult 
to  differentiate  from  carcinoma.  In  such  cases  the  areas  of  increased 
density  are  sharply  circumscribed  and  surrounded  by  a  shadow-zone  of 
inflammatory  change  beyond  which  is  the  normal  healthy  lung  area. 
The  presence  of  the  shadows  of  a  fluid  level  with  a  gas-bubble  above  in 
an  abscess  cavity  may  be  further  aids.  Finally,  the  shadow  of  a  thick- 
ened pleura  is  more  frequently  associated  nith  these  conditions  than  with 
pulmonary  malignancy. 

In  lobar  pneumonia  the  shadows  are  usually  localized,  soft,  and  hazy. 
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and  vary  in  density  with  the  stage  of  the  disease.  In  the  early  stage 
there  may  be  only  a  slight  difference  in  density  from  the  surrounding 
lung  tissue,  while  in  the  later  stages  the  density  is  greater  and  the 
shadow  is  sometimes  mottled.  Any  part  of  the  lung  may  be  involved, 
but  the  condition  usually  includes  practically  an  entire  lobe.  The  pleura 
is  much  more  frequently  involved.  Clinically,  of  course,  the  differentia- 
tion b  even  more  emphatic. 

Regarding  syphilis  of  the  lung,  very  little  is  known  definitely  from 
the  clinical  standpoint  and  less  from  the  roentgenologic  standpoint. 
While  the  disease  seems  to  be  more  common  than  formerly  and  is  recog- 
nized clinically.  Dr.  W.  W.  Bissell  informs  us  that  he  has  never  seen  a 
case  in  4000  postmortems.  In  one  proved  case  in  the  Clinic  the  roentgen 
examination  revealed  marked  enlargement  of  the  mediastinal  shadow, 
with  areas  of  increased  density  in  the  regions  of  the  main  bronchi  while 
the  periphery  was  free.  The  heart  shadow  was  greatly  enlarged  and 
the  aorta  dilated.  At  necropsy  multiple  diffuse  areas  of  dense,  patchy 
fibrous  infiltration  were  found  in  both  lungs  near  the  hilus,  together  with 
a  large  heart  showing  marked  myocardial  changes  and  a  saccular  aneu- 
rysm of  the  ascending  aorta.  We  have  never  seen,  or  at  least  have 
never  diagnosed,  gumma  in  the  parenchyma  of  the  lung.  Gumma  in  the 
mediastinum  may  be  differentiated  from  primary  careinoma  of  the  lung. 
The  shadow  is  usually  large,  well  cireumscribed,  homogeneous,  and  uni- 
lateral or  bulging  to  one  side. 

In  primary  sarcoma  and  lymphosarcoma  of  the  lung  the  roentgeno- 
gram corresponds  in  its  characteristics  to  that  of  mediastinal  gumma, 
except  that  in  sarcoma  the  tumor  shadow  tends  to  be  larger.  Infiltra- 
tion and  involvement  of  distant  portions  of  the  lung  rarely  occur. 

In  Hodgkin's  disease  the  roentgenogram  usually  shows  areas  of  in- 
creased density  which  are  symmetric,  bilateral,  well  circumscribed,  and 
limited  to  the  mediastinum.  There  are  no  changes  in  density  along  the 
course  of  the  main  bronchi  unless  the  tumors  are  very  massive  or  there 
is  marked  myocardial  degeneration  leading  to  much  passive  congestion. 

In  actinomycosis  and  allied  affections  of  the  lung  the  roentgen  find- 
ings may  be  differentiated  from  those  of  primary  malignancy.  The 
areas  of  increased  density  are  stringy  and  fan  shaped  in  arrangement, 
usually  found  in  the  periphery,  and  surrounded  by  a  soft  shadow-zone  of 
inflammatory  reaction.  The  pleura  is  involved  early  and  there  may  be 
an  area  of  increased  density  corresponding  to  a  tumor  on  the  bony  chest- 
wall. 
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There  is  a  marked  difference  iti  the  roentgen  shadows  found  in  pri- 
mary and  metastatic  malignant  disease  of  the  lungs.  As  in  the  meta- 
static carcinomas,  sarcomas,  and  mixed  tumors,  the  roentgenogram  shows 
the  same  characteristics,  and  their  roentgen  appearances  may  be  enume- 
rated collectively.  According  to  Moore*  and  one  of  us  (Carman),  the 
areas  of  density  in  metastatic  malignancy  of  the  lung  are  rounded,  reg- 
ular, clearly  circumscribed,  soft,  and  homogeneous.  They  do  not  show 
a  shadow-zone  of  inflammatory  reaction  surrounding  them;  they  vary 
in  size,  are  usually  multiple,  and  may  occur  in  any  part  of  the  lungs. 

Cysts  of  the  lung  show  in  the  roent^nogram  as  large,  clearly  cir- 
cumscribed, and  homogeneous  areas  of  increased  density.  They  are 
usually  single  and  are  found  in  the  right  lower  lobe. 

Fibromyxoma  of  the  lung  is  easily  differentiated  from  primary  car- 
cinoma. In  the  former  the  area  of  increased  density  is  large,  massive, 
homogeneous,  and  well  circumscribed.  An  entire  lobe  is  usually  in- 
volved, most  commonly  the  upper.  Since  the  tumor  is  slow  growing 
there  is  very  little,  if  any,  congestion  shadow  surrounding  it. 

The  diagnosis  from  the  roentgenogram  of  pulmonary  tuberculosis 
will  seldom  be  difficult.  In  chronic  pulmonary  tuberculosis  the  pe- 
riphery is  the  common  location  of  the  areas  of  increased  density,  with 
very  few,  if  any,  changes  in  the  hilus.  The  shadows  are  more  circum- 
scribed. The  upper  lobes,  especially  the  apices,  are  usually  the  first  and 
most  commonly  involved.  Cavitation  may  be  present,  and  there  is 
frequently  an  associated  pleuritis.  In  acute  or  subacute  miliary  tuber- 
culosis the  individual  areas  of  increased  density  are  smaller,  more  regular 
in  shape,  more  discrete,  more  uniform  in  size,  and  with  greater  peripheral 
involvement  than  in  the  miliary  type  of  carcinoma. 

Fneumokoniosis  produces  symmetric  "stringy"  shadows  distributed 
along  and  near  the  main  bronchi;  they  never  extend  to  the  periphery. 
In  the  mediastinum  enlarged  calcified  bronchial  lymph-glands  are  present 
and  show  as  clear-cut,  rounded,  and  circumscribed  areas  of  increased 
density. 

Chronic  passive  congestion  also  produces  symmetric  stringy,  diffuse 
shadows.  In  the  hilus  there  are  large,  symmetric  areas  of  increased 
density.  The  heart  shadow  is  usually  enlarged  in  both  lateral  direc- 
tions, and  fluid  may  be  present. 

In  simple  chronic  pleuritis  stereoscopic  examination  shows  that  the 
area  of  increased  density  is  located  on  the  surface  of  the  lung.     If  lo- 
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cated  at  the  base  of  the  lung,  the  costophrenic  angle  may  be  obliterated 
and  the  areas  of  density  limited  by  an  oblique  line. 

In  transudates  and  exudates  into  the  pleural  cavity  the  area  of  den- 
sity is  small  or  large,  and  homogeneous.  It  may  present  a  fluid  level 
that  changes  with  position.  Such  conditions  are  usually  located  at  the 
base  and  there  is  an  obliteration  of  the  costophrenic  angle.  The  condi- 
tion may  be  bilateral.  The  heart  shadow  may  be  enlarged,  because  of 
cardiac  decompensation  and  dilatation,  and  the  heart  may  be  displaced. 

Bronchosc<q>y  is  to  be  mentioned  for  completeness.  It  is  a  some- 
what formidable  procedure  and  usually  impracticable  except  in  the 
hands  of  the  most  expert,  and  even  then  it  may  be  disappointing.  Nega- 
tive findings  from  the  bronchoscopic  examination  should  not  be  re- 
garded as  final.  Exploratory  thoracotomy  should  be  considered  in 
early,  doubtful,  and  border-line  cases,  or  when  the  patient's  symptoms 
indicate  the  necessity  of  surgical  interference. 

The  following  are  the  histories  of  5  cases  of  primary  pulmonary 
carcinoma: 

Case  176118. — A  male,  aged  thirty-five  years,  a  miner,  registered  in 
the  Clinic  October  34,  1916.  The  family  history  was  negative  for  tu- 
berculosis, cancer,  and  lues.  The  patient  had  had  pneumonia  thirteen 
years  before,  with  the  subsequent  expectoration  of  one-half  a  teacup  of 
purulent  material  supposedly  from  a  small  abscess  in  the  right  lung. 
Since  then  he  had  had  good  health.  For  the  past  eight  months  he  had 
complained  of  a  continuous  dull  ache  in  the  right  lower  chest  with  some 
cough  and  expectoration.  No  fever  or  chills.  Weight-loss,  16  pounds. 
Some  dyspnea  for  years,  but  more  marked  in  the  past  eight  months  and 
growing  worse.  Hemoptysis  two  months  before,  but  only  slight,  prob- 
ably 3  to  4  drams.     No  gastro-intestinal  or  urinary  symptoms. 

The  physical  examination  showed  considerable  emaciation  and  some 
dyspnea  on  exertion.  There  were  a  large  area  of  dulness,  increased 
fremitus  on  exertion,  and  diminished  breath-sounds  below  the  angle  of 
the  right  scapula.  The  systolic  blood-pressure  was  95;  the  diastolic, 
72;  the  pulse,  76;  and  the  temperature,  98.2  F.  The  urinalysis  waa 
negative.  The  sputum  examinations  were  negative  for  tubercle  bacilli. 
One  blood  Wassermann  was  negative. 

In  the  roentgenogram  could  be  seen  a  mottled  area  of  increased 
density  involving  the  lower  right  lobe  and  the  base  of  the  middle  right 
lobe  and  extending  outward  along  the  bronchi  though  not  to  the  periph- 
ery. The  shadows  were  centrally  placed;  probably  primary  infiltrative 
carcinoma.  There  were  multiple  small  areas  of  increased  density,  and 
in  the  lower  left  lobe,  probably  anthracosis  (Fig.  288). 
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A  clinical  diagnosis  was  made  of  a  probable  chronic  intrapulmonary 
lesion  at  the  base  of  the  right  lung. 

Operation:  Exploratory  thoracotomy.  Three  inches  of  the  seventh 
and  eighth  ribs  were  resected  on  the  right  side  in  the  posterior  axillary 
line.  The  pleura  was  J-^  inch  thick.  The  lung  tissue  was  hard,  tough, 
iinti  coal-black,  and  for  a  finger's  length  had  the  same  firm  consistency 
throughout  and  bled  easily.  Specimens  of  the  pleura  and  the  lung  were 
removed  for  microscopic  diagnosis. 

The  pathologic  diagnosis  was  primary  pulmonary  carcinoma. 

Case  159177.— A  female,  aged  forty-seven  years,  registered  at  the 
Clinic  May  8,  1916.     The  patient's  father  and  one  son  died  of  tubercu- 


Fig.  MS. 

losis.  One  year  previously  she  began  to  complain  of  weakness  and 
dyspnea  and  was  treated  for  hypertension.  The  loss  of  strength  and 
the  dyspnea  had  increased  markedly  during  the  past  seven  months  and 
in  addition  she  had  a  chronic  irritative  and  non-productive  cough. 
There  had  been  no  chills,  fever,  or  sweats.  She  did  not  sleep  well  and 
had  lost  25  pounds  in  weight  in  the  past  year.  No  pain;  no  gastro- 
intestinal, urinary,  or  cardiac  symptoms. 

The  physical  examination  showed  moderate  emaciation  and  pallor. 
There  were  signs  of  moderate  dulness  at  the  bases  of  the  lungs,  crackling 
coarse  r&les,  exaggerated  breath  sounds,  and  prolonged  expiration.  The 
average  systolic  blood-pressure  was  140;    the  average  diastolic,  98; 
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pulse-rate,  90;  temperature  normal.  The  vocal  cords  were  negative. 
The  urinalysis  was  negative.  Hemoglobin,  83  per  cent.  Sputum  nega- 
tive for  tubercle  bacilli  and  carcinoma  cells. 

In  the  roentgen  examination  multiple  diffuse  areas  of  increased 
density  were  found  throughout  both  lungs.  The  condition  was  be- 
lieved to  be  primary  carcinoma  of  the  miliary  type  (Fig.  289). 

The  clinical  diagnosis  was  primary  carcinoma  of  the  lungs. 

Necropsy  revealed  primary  carcinoma  of  the  lungs  with  no  evidence 
of  metastases  in  the  lymph-glands,  liver,  gastro-intestin&l  or  genito- 
urinary organs,  and  no  evidence  of  any  other  primary  growth. 


Case  136018. — A  female,  aged  seventy-one  years,  registered  at  the 
Clinic  March  8.  1915.  One  brother  had  died  of  malignant  disease. 
Patient's  menstrual  historj' negative;  menopause  thirty  years  previously. 
Complaint:  Small,  hard,  painful  multiple  tumors  in  the  left  .side  of  the 
neck  which  had  been  noticed  ten  months  before  for  the  first  time.  The 
nodules  had  gradually  enlarged  until  three  months  previously.  There 
was  some  pain  down  the  left  arm  and  soreness  in  the  left  shoulder.  Con- 
siderable dyspnea  was  noted  during  this  time.  No  choking  sensations, 
dysphagia,  or  geni to- urinary  symptoms.  No  gastro-intestinal  symp- 
toms except  slight  loss  of  appetite  during  the  past  five  or  six  months. 
The  patient  had  lost  20  pounds  in  weight  and  considerable  strength. 

In  the  physical  examination  many  enlarged,   hard,  tender   glands 
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were  found  in  the  left  cer\-ical  region.  There  were  signs  of  multiple 
ill-defined  areas  of  consolidation  throughout  both  lungs.  Urinalysis, 
Wassermann  test,  and  sputum  examlDatiou  negative. 

The  roentgenogram  showed  multiple  non-circumscTibed  areas  of  in- 
creased density  throughout  both  lungs  with  equal  distribution  in  the 
bases  and  the  apices.  Roentgen  diagnosis,  primary  carcinoma  of  the 
mixed  type  (Fig.  290). 

The  clinical  diagnosis  was  carcinoma  of  the  lungs  with  metastases 
to  the  left  cervical  glands.  The  patient  died  at  her  home  May  23. 1915. 
No  necropsy. 


Case  109685. — A  male,  farmer,  aged  fifly-seven  years,  registered 
at  the  Clinic  July  4,  1914.  His  family  history  and  previous  history 
were  negative.  He  denied  venereal  infection.  He  had  had  dyspnea  on 
slight  exertion  and  loss  of  strength  which  had  been  increasing  gradually 
over  B  period  of  four  months.  Slight  cough;  no  expectoration,  hemopty- 
sis, night-sweats,  or  chills.  His  family  physician  wrote  that  his  tempera- 
ture had  not  been  elevated  and  at  times  was  subnormal.  The  patient 
complained  of  sleeplessness  on  account  of  cough,  and  of  being  unable  to 
lie  in  a  recumbent  position.  Up  to  the  time  of  admission  there  was  no 
history  of  edema  or  cardiac  decompensation. 

The  physical  examination  showed  the  blood-pressure  to  be  118-7P, 
pulse,  90;  temperature,  OS.i.  The  patient  was  well  developed  but 
slightly   undernourished.     His  complexion   was  ashen,   with  cyanosis 
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exaggerated  by  slight  muscular  exertion.  There  were  signs  of  consoli- 
dation in  patches  on  both  the  anterior  and  posterior  sides  throughout 
both  lungs,  with  numerous  generalized,  moist,  crackling,  and  wheezing 
rfilea  which,  however,  were  more  marked  over  the  right  lung.  The 
heart-sounds  were  good;  no  murmurs.  There  was  a  slight  mucopuru- 
lent discharge  from  the  nares,  more  marked  on  the  left  side.  Slight 
simple  rhinitis  and  pharyngitis.  Antra,  negative.  Urinalysis,  negative. 
Hemoglobin,  86  per  cent.  White  blood-cells,  0000.  The  sputum  ex- 
aminations were  negative  for  tubercle  bacilli  and  cancer  cells. 

The  roentgen  examination  showed  multiple  areas  of  increased  density 
throughout  both  lungs,  with  massive  areas  situated  in  the  base  of  the 


upper  left  and  the  middle  right  lobe.  The  roentgen  diagnosis  was 
primary  carcinoma  of  the  mixed  type  (Fig.  291), 

The  patient  was  treated  .symptomatically  for  eight  weeks.  The 
dyspnea  increased  and  his  .strength  diminished.  During  this  time  the 
myocardium  showed  marked  decompensation.  The  pain  in  the  chest 
was  not  pronounced.  He  developed  symptoms  of  myocardial  insuffi- 
ciency, fluid  in  the  cheat,  edema  of  the  lower  extremities,  and  the  usual 
constitutional  symptoms  resulting  from  a  chronic  intoxication.  Death 
occurred  September  3,  1914,  six  months  after  the  onset  of  the  disease. 

The  clinical  diagnosis  was  primarj'  carcinoma  of  the  lungs. 

The  necropsy  (two  months  after  the  roentgen  examination)  revealed 
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400  c.c.  of  blood-stained  fluid  in  the  left  pleural  cavity.  The  surfaces 
of  both  lungs  had  an  irregular  nodular  appearance  and  there  were  ex- 
tensive chronic  pleuritia  and  pleuropericarditis.  On  section  the  lungs 
showed  multiple  diffuse  grayish-white  nodules  of  regular  and  irregular 
shape,  varying  in  size  up  to  2  cm.  These  were  hard,  resisted  cutting, 
and  showed  no  tendency  to  central  necrosis.  They  were  distributed 
around  the  larger  bronchi  and  bronchioles  and  in  the  lung  parenchyma. 
They  were  infiltrative  rather  than  encapsulated  and  not  sharply  de- 
lineated from  the  surrounding  lung  structures.  The  lower  half  of  the 
upper  right  lobe  and  the  base  of  the  upper  left  lobe  were  almost  com- 
pletely occupied  by  hard  massive  tumors  presenting  on  section  the  shape 
of  wedges  with  the  apex  pointing  toward  the  hilus,  to  which  they  ap- 
parently extended.     The  bronchial  and  other  lymph-glands  were  not  in- 


volved.    There  were  no  evidences  of  tumor,  either  primary  or  second- 
ary, in  any  other  parts  of  the  body  (Fig.  292). 

The  final  diagnosis  was  a  mixed  type  of  primary  pulmonary  carci- 
noma, having  its  origin  in  the  bronchial  epithelium. 

Case  160751. — A  male,  aged  sixty-one  years,  registered  at  the  Clinic 
May  26,  1916.  His  mother  died  of  carcinoma  of  the  breast  at  sixty- 
seven.  He  had  been  married  thirty  years;  his  wife  and  two  children 
were  living  and  well.  For  the  past  six  months  he  had  had  gradual  toss  of 
weight  and  strength;  with  it,  a  slight  hoarseness  and  change  in  voice; 
no  unilateral  sweats.  During  the  same  period  of  time  he  had  had  a  dry 
hacking  cough;  no  hemoptysis.  He  had  noticed  bluish  discoloration 
and  distention  of  the  superficial  veins  of  the  right  forearm  and  hand. 
There  was  no  edema  of  the  right  hand  and  no  pain.  A  physician  had 
'17— *4 
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stated  that  the  right  axillary  gland  was  slif^htly  enlarged  and  had  ad- 
vised dissection  of  the  axillary  glands  for  fear  of  malignancy.  A  partial 
excision  of  the  right  axillary  lymphatics  had  been  performed  elsewhere  in 
March,  1916,  and  the  glands  pronounced  "not  malignant."  No  gastro- 
intestinal or  genito-urinary  symptoms.  There  had  been  a  loss  of  25 
pounds  in  weight  in  six  months. 

The  physical  examination  showed  considerable  emaciation  and  slight 
cyanosis  of  the  lips  and  hands.  In  the  right  pectoral  fold  there  was  a 
recent  operative  scar  of  an  incision  that  had  healed  by  primary  union. 
The  larynx  and  cords  were  negative.     Soft  myocardial  heart  tones; 


rhythm  of  beat  regular;  rate  100.  There  was  moderate  diffuse  dulness 
throughout  both  lungs  and  poor  expansion.  The  voice  sounds  were 
exaggerated.  Prolonged  expiration  and  crackling  moist  r&les  could  be 
heard  diffusely  throughout  the  chest.  The  respiration  was  26.  The 
abdominal,  genito-urinary,  rectal,  and  urinary  findings  were  negative. 
The  hemoglobin  was  76  per  cent;  white  blood-cells,  10,800.  The  Was- 
sermann  test  was  negative.  The  sputum  examination  was  negative  for 
tubercle  bacilli. 

The  roentgenogram  showed  multiple  areas  of  increased  density  ex- 
tending throughout  both  lungs  with  a  massive  area  involving  the  base 
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of  the  upper  right  lobe.     The  roentgeD  diagnosis  -was  primary  c. 

of  the  mixed  type  (Fig.  883). 

The  clinical  diagnosis  was  primary  carcinoma  of  the  lungs. 

At  necropsy,  July,  1915,  the  ezaminatioD  of  the  thorax  was  limited. 

Both  lungs  and  bronchial  lymph-glands  were  found  to  be  extensively 

involved  with  c 


CONCLUBIONS 

1.  There  are  three  main  types  of  primary  carcinoma  of  the  lungs 
which  present  characteristic  gross  pathologic  appearances :  The  infiltra- 
tive, the  miliary,  and  the  mixed. 

2.  The  roentgen  examination  and  the  stereoscopic  study  of  roent- 
genograms will  early  point  to  a  pulmonary  lesion  and  its  probable  nature. 

3.  The  areas  of  increased  density  found  in  primary  pulmonary  car- 
cinoma are  usually  quite  typical,  and  can  be  differentiated  from  areas  of 
increased  density  caused  by  other  diseases  in  the  thorax,  including  in- 
flammatory changes  and  neoplasms,  both  primary  and  metastatic. 

4.  A  careful  correlation  of  the  roentgen  findings  with  the  clinical 
history  and  the  physical  and  laboratory  findings  usually  makes  a  clinical 
and  differential  diagnosis  possible. 
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Large  portions  of  the  lung  may  be  removed  from  the  normal  animal 
with  ease  and  without  danger.  This  is  by  no  means  true  in  case  of  the 
sick  man  afflicted  with  chronic  pulmonary  disease.  He  is  generally 
septic,  his  resistance  is  low,  his  bronchial  tree  is  flooded  with  a  profuse 
purulent  secretion.  He  is  moderately  cyanotic.  His  blood  color  is 
low.  The  diseased  lung  lobes  are  firmly  adherent  to  each  other  and  to 
the  diaphragm  and  the  pericardium.  The  hilum  of  each  lobe  is  inac- 
cessible. The  main  lobe  bronchus  is  generally  thickened  and  diseased 
and  unadapted  to  the  technic  of  closure  so  successful  in  animals.  The 
respiratory  function  and  more  particularly  the  circulatory  mechanism 
are  distinctly  upset  by  operations  for  lung  resection.  The  right  heart 
labors  in  the  early  postoperative  stage  to  adapt  itself  to  the  added  de- 
mands on  the  pulmonary  circulation.  The  sound  lung  labors  to  ac- 
complish the  work  of  two.  This  it  cannot  do  when  the  embarrassed 
right  ventricle  fails  to  supply  it  with  blood  to  be  oxygenated.  At  best 
the  convalescence  following  operation  is  both  hectic  and  long.  There  is 
much  suffering.  The  end-result  may  be  only  a  partial  cure.  Later 
plastic  operations  are  generally  necessary  to  obliterate  the  pleural  cavity 
and  to  repair  bronchial  leakage. 

Let  no  man  suppose,  therefore,  that  removal  of  lobes  of  the  lung  is  a 
trivial  performance.  Those  of  us  who  are  pretentious  enough  to  dis- 
close our  experiences  in  this  regard  do  so  more  with  apologies  for  our 
incompetence  than  with  boasts  of  our  success. 

The  indications  for  lobectomy  are  few,  but  these  must  be  specific. 
Chronic,  non-tuberculous  lung  abscess  and  bronchiectasis  are  at  the 
present  writing  the  only  diseases  to  which  such  radical  procedure  should 
be  applied,  and  then  only  in  selected  instances. 

One  lung  must  be  absolutely  sound.     The  disease  must  be  confined 

*  Bead  before  the  Section  on  Surgery,  General  and  Abdomiua],  at  the  Siity-eiglitli 
Annual  Session  of  the  American  Medical  Association.  New  York.  June,  I9I7.  Reprinted 
from  the  Jour.  Am.  Med.  Aun.,  IQIT,  Ixix.  355-351. 
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to  one  lobe,  or  at  least  one  lobe  and  the  adjacent  portion  of  an  adjoining 
lobe.  There  must  be  an  absence  of  active  tuberculosis.  Tbe  beart 
must  be  a  normal  one.  There  must  be  complete  absence  of  any  sys- 
temic or  organic  disease.  The  individual  should  be  under  thirty-five  years 
»rf  age,  certainly  not  over  forty-five.  There  must  be  evidence  that  all 
non-operative  methods  have  failed  or  are  obviously  bound  to  fail.  There 
should  be  ample  evidence  that  the  existing  pulmonary  infection  is  not 
one  that  might  be  cured  or  relieved  by  direct  drainage  of  the  lung. 

Given  a  young  adult  patient  with  chronic  abscess  or  bronchiectasis 
confined  to  one  or  one  and  one-half  lobes  of  one  lung,  whose  resistance  is 
not  too  low  and  in  whom  palliative  treatment  or  drainage  operations 
would  obviously  fail,  lung  resection  may  be  considered.  Nor  should 
the  patient  be  kept  in  ignorance  of  tbe  dangers  and  discomfort  associated 
with  the  procedure  which  you  may  propose  to  undertake.  If  all  indica- 
tions have  been  carefully  studied  and  verified,  the  patient  may  properly 
be  instructed  that  he  may  entertain  no  hope  of  cure  without  operation; 
that  his  existence  will  be  a  lingering  and  disgustingly  offensive  one  both 
to  himself  and  his  associates;  and  that  this  existence  will  be  of  com- 
paratively brief  duration.  Then  it  must  be  explained  that  the  chances 
of  relief  or  cure  by  the  surgical  alternative  are  between  60  and  70  per 
cent.  If  when  thus  informed  the  patient  decides,  after  due  considera- 
tion, to  undergo  operation,  lung  resection  is  justifiable. 

I  have  employed  a  different  technic  in  lung  resection  from  that  which 
we  have  all  adopted  in  animals,  and  different  from  that  employed  in  man 
by  otber  surgeons.  It  consists  in  a  several-stage  operation  with  a  mul- 
tiple rib-resection  exposure  rather  than  a  single  operation  with  a  wide 
intercostal  exposure.  I  have  argued  that  the  division  into  stages  re- 
duces the  insult  to  the  respiratory  and  circulatory  systems;  that  tbe 
intrapleural  pressure  is  more  gradually  altered  and  the  pulmonary  circu- 
lation less  suddenly  overworked  in  the  several-stage  rib-resection  method 
than  in  the  single  operation  through  an  intercostal  opening.  I  have 
been  of  the  opinion  that  while  these  disturbances  are  equally  well  cared 
for  during  operation,  the  dangers  associated  with  them  in  the  first  twenty- 
four  hours  after  operation  by  the  one-stage  method  are  obviated  by  the 
several-stage  operation. 

First  Stage 
Neither  differential  pressure  nor  intratracheal  insufflation  has  been 
used  in  this  series,  nor  has  their  omission  been  regretted.     Tbe  incision 
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is  crescentic,  with  its  convexity  downward,  starting  at  the  fifth  rib,  two 
inches  from  the  vertebral  column,  crossing  the  eighth  rib  in  the  scapular 
line,  and  terminating  at  the  level  of  the  sixth  rib  in  the  mammary  line. 

The  skin  and  fat  are  dissected  upward  from  the  muscle  for  an  inch. 
Vessels  are  clamped  and  tied.  The  latissimus  muscle-fibers  are  sepa- 
rated vertically  to  admit  long-bladed  curved  muscle  clamps,  which  are 
applied  in  series  above  and  below  in  the  direction  of  the  sternum  and 
again  toward  the  vertebral  end  of  the  wound.  The  muscle-fibers  are 
then  divided  transversely  between  the  clamps. 

The  field  thus  exposed  should  permit  the  subperiosteal  resection  of 
the  seventh,  eighth,  and  ninth  ribs  from  their  angles  to  the  anterior 
axillary  line.  The  intercostal  bundles  are  then  ligated  and  removed. 
The  skin  and  muscle-flap  is  then  replaced.  The  wound  is  closed  tight. 
The  thoracic  window  has  been  made  ready  to  open.  The  chest-wall 
collapse  necessary  for  the  subsequent  obliteration  of  the  space  left  after 
amputation  of  the  lower  lobe  is  provided.  Something  has  been  learned 
of  the  individual's  resistance  to  surgical  trauma,  and  of  his  tolerance  of 
anesthesia. 

Secono  ST.*.aB 

The  interval  prior  to  the  second  stage  should  be  approximately  a 
week  in  length.  The  power  of  expelling  sputum  should  have  been  re- 
stored; all  trace  of  shock  should  have  disappeared;  and  the  tempera- 
ture should  approach  "normal." 

The  skin  stitches  are  removed,  the  scapula  and  flaps  retracted,  and 
the  pleura  again  inspected.  It  will  be  found  that  in  the  upper  part  of 
the  exposed  field  there  are  new  pleural  adhesions  anchoring  the  upper 
lobe.  The  lower  lobe  is  still  adherent  at  various  places,  now  somewhat 
retracted  and  purple  red  in  color.  The  pleura  is  opened  wide  at  any 
point,  whether  adherent  or  not.  There  will'be  no  particular  change  in 
respiration  or  pulse. 

The  separating  of  adhesions  necessary  to  deliver  the  lower  lobe  is 
generally  irksome.  It  is  the  difficult  part  of  the  operation.  The  lower 
lobe  is  generally  bound  to  the  diaphragm  and  costodiaphragmatic  angle 
by  tough,  unyielding  bands  which  may  not  yield  under  digital  pressure. 
If  undue  force  is  used  in  stripping,  the  lung  surface  will  tear  before  the 
adhesion  gives  way.  Some  of  these  should  be  cut.  It  is  wdl,  therefore, 
to  free  the  lobe  first  from  all  except  its  diaphragmatic  attachments,  so 
that  if  bleeding  occurs  during  the  separation  of  the  latter  a  clamp  may  be 
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applied  temporarily  in  the  region  of  the  lobe  hilum.  The  interlobar 
fissure  does  not  always  provide  a  simple  cleavage,  nor  b  it  advisable  to 
employ  too  much  force  in  this  region  lest  the  light  adhesions  be  parted 
which  by  now  should  be  holding  the  upper  or  middle  lobes  to  the  parietes. 
The  pericardial  surface  is  least  troublesome  of  all. 

To  ttop  the  operaiion  at  ike  middle  of  the  second  stage  and  to  defer  the 
anrtpletion  of  adhesion-stripping  and  the  am-pidatUm  to  a  third  stage  is  a 
canservatite  measure  not  to  he  regretted,  and  one  which  in  difficult  cases  may 
save  the  patient  from  undue  hemorrhage,  shock,  and  carbon  dioxid  -poisoning. 

Amputation 

If  there  has  been  no  occasion  to  close  the  second  stage  prior  to  the 
complete  delivery  of  the  lower  lobe,  amputation  is  promptly  performed 
as  follows:  A  long  curved  clamp  is  applied  to  the  root  and  closed  to  the 
last  notch.  The  lobe  is  then  amputated  at  least  a  half-inch  distal  to  the 
clamp.  The  veins,  arteries,  and  bronchi  are  then  piclwd  up  separately 
and  ligated  with  No.  2  chromic  catgut.  A  mass  ligature  of  kangaroo 
tendon  or  braided  silk  is  then  placed  just  proximal  to  the  clamp  and  tied 
as  the  clamp  is  slowly  released,  the  ligature  being  guided  into  the  crushed 
area  evacuated  by  the  clamp.  Not  infrequently  two  clamps  are  neces- 
sary safely  to  include  the  whole  stump.  It  is  apparently  an  equally 
satisfactory  method  to  leave  the  root  clamps  in  situ  and  to  remove  them 
on  the  seventh  day. 

Both  of  these  methods  of  amputation  result  invariably  in  subsequent 
leakage  of  the  bronchial  stump.  The  portion  distal  to  the  mass  ligature 
or  clamps  sloughs  away  within  a  week  or  ten  days,  leaving  one,  two,  or 
three  fistulous  openings  of  small  caliber.  Experience  will  prove  whether 
or  not  it  is  expedient  to  attempt  any  special  technic  for  hermetically 
closing  the  bronchus  at  the  time  of  amputation.  The  bronchus  at  the 
point  of  division  is  generally  dilated;  its  walls  are  thick,  tough,  and  un- 
yielding. It  is  probably  not  amenable  to  such  treatment  as  invagination 
and  end-suturing,  which  has  been  successful  in  normal  animab.  If 
treatment  of  this  kind  were  attempted,  it  would  necessitate  the  isolation 
of  the  bronchus  from  the  vessels  in  the  hilum,  the  individual  double  liga- 
tion of  the  vessels  before  their  division,  and  the  crushing,  division, 
cauterization,  invagination,  and  suturing  of  the  bronchus.  Neither  the 
clamp  nor  mass  ligation  could  be  employed.  In  the  present  period  of 
undeveloped  surgery  of  the  diseased  lung  it  would  seem  more  proper  not 
to  sacrifice  time  at  the  end  of  a  critical  operation  by  any  finesse  in  the 
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treatment  of  the  bronchial  stump,  which  in  its  pathologic  condition 
would  stubbornly  resist  any  technic  of  closure. 

The  minute  fistulas  consequent  on  the  clamp  and  mass  ligature 
technic  in  no  way  complicate  the  convalescence.  The  pleural  space  is 
rapidly  obliterated,  the  fistulas  remaining  the  only  unhealed  points  in  the 
wound.  By  local  plastic  surgery  under  local  anesthesia  the  fistulas  are 
closed  later  by  the  superimposing  of  a  skin-and-fat  flap. 

The  after-treatment  of  the  second  operation  is  simple.  Bronchial 
secretion  is  no  longer  a  cause  for  anxiety.  Within  the  first  two  days  the 
bronchial  tree  becomes  free  from  the  residue  emptied  into  it  from  the 
lower  lobe  just  previous  to  its  removal. 

With  return  of  consciousness  the  patient  discovers  that  the  promised 
reward  of  his  long  siege  of  treatment  is  now  a  reality.  The  sudden 
freedom  from  a  cough  of  perhaps  ten  years'  duration  is  a  stimulus  men- 
tally and  a  boon  physically. 

The  pack  is  not  disturbed  for  four  days,  by  which  time  it  is  foul.  At 
least  two-thirds  of  it  can  then  be  removed  painlessly.  When  firmly  ad- 
herent to  the  raw  surfaces  of  the  parietal  pleura,  fragments  of  the  gauze 
should  be  left  till  they  have  sloughed  away.  Again,  precaution  is  taken 
at  each  dressing  to  repack  the  persisting  pleural  space  completely  lest 
pocketing  occur  in  the  costodiaphragmatic  angle  or  about  the  pericar- 
dium or  posteriorly  below  the  lower  limits  of  the  neighboring  lobe.  At 
no  time  in  the  convalescence  should  drainage-tubes  be  substituted  for 
gauze.  The  skin  opening  has  been  so  designed  that  it  will  not  close 
until  the  cavity  is  obliterated.  Irrigation  is  never  indicated.  Granula- 
tions may  be  stimulated  with  balsam  of  Peru.  The  pleural  space  remain- 
ing after  excision  of  the  lower  lobe,  having  been  already  diminished  by 
the  shrinkage  of  fibrosis  attendant  on  the  first  two  stages,  may  now  be 
obliterated  within  four  months.  The  patient  meanwhile  attains  a  body 
weight  equal  to  his  previous  maximum,  and  this  continues  to  increase 
rapidly  during  the  months  following  closure  of  the  wound. 
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Dispensary  clinics  are  not  infrequently  visited  by  patients  present- 
ing OD  the  anterior  or  lateral  aspect  of  the  chest  an  indolent  discharging 
sign.  The  absence  of  accompanying  symptoms  doubtless  explains  the 
patient's  characteristic  lack  of  concern.  He  related  the  discovery,  at 
some  previous  moment,  of  a  hard,  deep-seated  swelling  upon  his  chest, 
neither  painful  nor  tender,  which  has  gradually  come  to  the  surface, 
softened,  and  broken,  discharging  a  watery  pus  which  continued  un- 
abated. The  out-patient  surgeon  is  as  prompt  in  recognizing  and  nam- 
ing such  lesions  as  he  is  ignorant  of  their  pathology.  "Necrosis  of  a 
rib,"  "caries  of  the  rib,"  "T.  B.  of  the  chest-wall,"  "cold  abscess," 
"tuberculous  ribs,"  are  the  common  diagnostic  terms.  Tradition  and 
school  text-book  teaching  have  pigeon-holed  such  lesions  in  the  diagnos- 
tician's cerebrum  under  the  label  "sick  ribs,"  whereupon  he  promptly 
refers  the  afflicted  to  a  surgeon,  with  the  presumption,  rarely  unwar- 
ranted, that  a  rib  will  be  either  scraped  or  excised.  To  complete  the 
deception,  the  roentgenologist,  seeing  the  skin  lesion  responds  to  the 
dictates  of  tradition,  appreciates  that  it  is  incumbent  upon  him  to  show 
the  sick  rib — and  also,  too  often,  seems  to  see  what  may  exist  only  in  his 
imagination  and  not  on  the  plate. 

The  inevitable  operation,  generally  classified  as  too  trivial  and  un- 
interesting to  require  particular  skill,  falls  to  an  assistant  surgeon  or 
intern.  He  may  dilate  the  sinus  and  curet,  scraping  the  adjacent  rib 
until  it  feeb  necrotic,  though  perhaps  not  so  in  reality.  If  more  per- 
severing, he  may  enlarge  the  wound  and  resect  a  fragment  of  rib  to 
which  the  fistulous  tract  may  appear  to  lead.  If  the  resected  rib  is 
grossly  normal,  the  pathologist  hopefully  examines  and  decalcifies, 
generally  finding  some  minute  excuse  for  a  report  of  rib  necrosb. 
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I  have  related  this  instance  of  hospital  ctepartmental  cooperation 
which  so  often  perpetuates  a  medical  fallacy  until  the  discovery  of  the 
true  pathology  of  the  lesion  reminds  each  department  that  it  need  not 
strain  its  imagination  to  find  what  may  not  be  present.  That  a  sinus  of 
the  chest-wall  may  lead  to  a  primary  tuberculous  lesion  of  the  rib  is  un- 
deniable. That  the  removal  of  a  piece  of  normal  rib,  by  exposing  an 
underlying  abscess  cavity,  may  be  of  therapeutic  value,  is  also  true. 

The  purpose  of  this  paper,  however,  is  to  demonstrate  that  a  cold 
abscess  of  the  cbest-wall  may  exist  without  any  involvement  of  the  rib'; 
that  an  erosion  or  necrosis  of  the  rib  may  be  merely  incidental  to  a 
primary  lesion  of  the  pleura,  and  that  its  removal  as  such  may  be  in- 
adequate treatment  of  the  lesion*;  that  excision  of  rib  should  be  em- 
ployed not  as  the  sine  qua  non  of  the  operative  treatment,  but  as  an  in- 
cidental step  in  the  scrutinous  exploration  of  the  fistulous  tract  and  in 
the  wide-open  drainage  of  the  subcostal  abscess  cavities  with  which  the 
tract  generally  communicates. 

The  discussion  of  the  etiology  of  cold  abscess  of  the  cbest-wall  is 
contributed  chiefly  by  French  writers.  Until  1865  caries  of  the  rib  had 
been  universally  regarded  as  the  cause.  Then  appeared  Leplat's  ex- 
haustive thesis,  expounding  a  theory  with  ample  proofs  that  tuberculous 
disease  of  the  pleura  or  of  the  lung  is  not  infrequently  the  source  of  these 
abscesses.  He  writes:  " Inflammations  of  the  pleura,  instead  of  limit- 
ing themselves  to  the  tissue  primarily  invaded,  involve  also  the  sur- 
rounding tissue  and  are  causes  in  certain  instances  of  abscesses  of  the 
thoracic  walls." 

Gaujot,  at  Val-de-Grace,  presented  a  theory  describing  an  external 
periostitis.  Duptay,  in  1876,  inclined  to  the  views  of  Gaujot,  in  a 
clinical  lecture  distinguished  three  varieties  of  cold  abscess — one  of  the 
cellular  tissue,  one  from  the  periosteum,  a  third  of  deep  origin  in  the 
bone.  He  describes  these  abscesses  as  in  front  of  the  ribs,  behind  the 
ribs,  and  of  the  shirt-stud  variety,  in  which  a  superficial  and  deep  abscess 
communicate  through  an  intercostal  space.  The  etiology  described  by 
Gaujot  was  accepted  for  almost  twenty  years,  in  which  time  Vemeuil, 
Charvot,  Peyrot,  Poulet  and  Bousquet,  Tuffier,  and  Bonnaud,  with 
slight  differences  in  opinion,  supported  the  periosteal  and  osseous  theory. 

In  1894  Souligoux  again  takes  up  the  banner  of  Leplat,  placing  the 
pleuropulmonary  theory  definitely  among  the  chief  etiologic  factors  of 
chest-wall  abscess.     Peron,  Villar,  Paget,  and  Poirier  have  since  con- 
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tributed  case  reports  which  definitely  support  the  pleuropulmonsry 
theory. 


t.  Bonnaud:  Abces  troids  dea  parois  thoradques.    Th^  de  Puis,  1882,  No.  ITS.  50  p. 
i.  Bousquet:   Abc«3  froida  d«3  poroU  thoradques  coiuwutifa  aux  periostites  extemes 
chromques.     Arch.  g^n.  de  mid.,  1878,  7.9.,  i,  888-313. 

3.  Charvot:    De  la  perkutitie  exteme  chronique.     Gat.  hebd.   de   m^..   ISTS,    2.  a., 

xvi.  630-695.    Quoted  by  Souligoui,  loc.  at. 

4.  Duplay:  AbceachnmiquesdesparoLsthoraciquea,     Prog,  m^.,  1876,  p.  489.    Quoted 

by  liouligoux,  k>c.  cit. 

5.  Gaujot:  Lecoos  olimquea  faites  au  Val-dF-Grace.    Quoted  by  Souligoux,  loe.  rit. 

0.  Leplat,  E,:  De9  abcea  de  voisinage  daru  la  pleumie.  Pathogenie  et  ^tude  cliniqu? 
des  abces  paroia  thnraciquea.  Par,,  Asselin,  1865,  50  pp.  Also,  Arch.  g^n.  de 
mM.,  Par.,  1865.  6  a.,  v,  403  and  565. 

7.  Paget,  S.:  Cited  by  Vadon,  loc.  cit. 

8.  Peron:   RecherchcH  anaUuniquea  et  experimentalea  sut  les  tuberculoses  de  U  plevre. 

Th^  de  Paris.  1895-96, 

9.  Peyrot:  Le  thorax  des  pleuretiquea  et  la  pleurotomie.    Th^  de  Paris,  18TG.   Quoted 

by  Souligoux,  loc.  cit. 

10.  Foirier:  Quoted  by  Souligoui,  loc.  cit. 

11.  Poulet;  Quoted  by  Souligoux.  loc.  cit, 

la,  Souligoui,  C. :  Pathogenic  dea  at>cea  troids  du  thorax.  Par..  Steinhwl,  1894,  154  pp. 
Th^  de  Parin. 

13.  Tuffier:   Dea  abces  troids  des  parois  thorociques  (mediastinitia  tuberculeusea).     Se- 

maine  mid.,  1890.  x.  385.     Quoted  by  Souligoun,  i.  c. 

14.  Vadon.  A.  M.:   De  Torigioe  pleuro-pulmonaire  des  abces  froids   thoraciquea  el   de 

leur  tniitement.     Bordeaux,  Gasaignol.  1905,  79  pp.,  p.  15. 

15.  Vemeuit:   Prog,  m^.,  July  15,  1876.     Quoted  bv  Souligoux.  loc.  cit. 
IS.  Villar:  Gai.  hebd.  d.  sc.  med.  de  Bordeaux.  Dp<«mber,  1904. 
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RECURRENT    OR    HABITUAL    DISLOCATION 

THE  SHOULDER* 

M.    5.    HENDERSON 


Dislocations  occur  more  frequently  in  the  shoulder- joint  than  in  any 
other  joint  in  the  body.  Reduction  is,  as  a  rule,  readily  accomplished,  but 
if  delayed  beyond  a  few  hours,  is  not  easy.  If  deferred  for  days,  it  is 
quite  difficult,  and  a  delay  of  more  than  a  week  may  mean  that  all  at- 
tempts at  reduction  will  fail.  If  the  dislocation  is  associated  with  a 
fracture  of  the  surgical  neck  of  the  humerus,  unless  reduction  is  accom- 
plished by  an  open  operation,  the  patient  usually  comes  to  a  resection 
of  the  head  of  the  bone  later. 

Habitual  dislocations  of  the  shoulder-joint  occur  in  cases  in  which 
reduction  having  been  accomplished  and  the  convalescence  compkted 
without  incident  there  has  been  no  cause  for  anxiety.  The  habit  of 
easy  dislocation  is  a  sequela  that  cannot  be  foretold.  A  shoulder-joint 
may  be  said  to  be  subject  to  habitual  or  recurrent  dislocations  when  they 
occur  irregularly  as  the  result  of  some  trivial  voluntary  manipulation  or 
effort  on  the  part  of  the  patient. 

The  shoulder-joint  is  a  true  ball-and-socket  joint.  The  depth  of  the 
socket  is  so  slight  and  the  amount  of  the  head  of  the  bone  in  actual  con- 
tact witb  the  glenoid  fossa  so  small  that  it  is  a  wonder  dblocations  tJ 
the  shoulder  are  not  much  more  common.  The  socket  is  formed  by  the 
glenoid  fossa  of  tbe  scapula  and  its  cartilaginous  rim.  The  capsule  it- 
self is  quite  lax,  the  shoulder  owing  its  stability  to  the  muscular  arrange- 
ment. It  is  reinforced  at  certain  points  by  the  insertion  of  muscles  into 
and  through  it,  to  the  bone  beneath.  When  the  shoulder-girdle  is  para- 
lyzed and  the  muscle-tone  gone,  as  in  anterior  poliomyehtis,  or  trauma 
to  the  brachial  plexus,  we  see  the  lax  dislocated  shoulder  which  cannot 
be  kept  in  place.  The  long  head  of  the  biceps  originates  from  the  upper 
margin  of  the  glenoid  fossa,  and  crosses  the  cavity  of  the  shoulder- joint 

*  Preaenled  before  the  Southeastern  Medical  Society  ol  Iowa,  Fairfield.  Iowa,  Octobor 
IS,  lOIT.    Reprinted  from  the  Jour.  Am.  M«d.  Assn.,  1918,  Ixx,  1-4. 
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anteriorly,  surrounded  by  synovium  (Fig.  294).  Its  action  in  this 
situation  serves  to  strengthen  the  joint  and  prevent  dislocations  through 
this  part  of  the  capsule.  Over  the  whole  is  the  strong,  fan-shaped 
deltoid,  which  by  its  action  tends  to  hold  the  head  of  the  humerus  in 
the  glenoid  fossa.  The  supraspinatus,  infraspinatus,  and  teres  minor  in- 
serted into  the  greater  tuberosity  of  the  humerus  thicken  and  strengthen 


the  capsule  above  and  behind,  and  by  their  action  tend  to  hold  the 
head  of  the  humerus  in  place  (Fig.  295).  Into  the  lesser  tuberosity  of 
the  humerus  the  subscapularis  tendon  is  inserted  in  front  and  into  the 
inner  side  of  the  bicipital  groove,  serving  to  strengthen  the  anterior  part 
of  the  capsule  (Fig.  296).  At  the  lower  margin  of  the  glenoid  fossa  arises 
a  part  of  the  triceps  in  no  way  reinforcing  the  capsule,  and  between  this 
point  below  and  the  point  of  insertion  of  the  subscapularis  above  there 
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is  no  muscular  insertion  on  the  anterior  portion  of  the  capsule.  This 
area  is  the  weak  part  of  the  eapsule,  being  the  place  in  which  dislocations 
usually  occur  (Fig,  497). 

Definite  evidence  of  the  pathologic  condition  is  lacking.  The  limited 
opportunity  for  examination  of  the  entire  6eld  at  the  time  of  operation 
accounts  for  much  of  the  difference  of  opinion.  In  1880  Joessel  gave  it 
as  his  opinion  that  the  dislocation  was  the  result  of  a  tear  in  the  capsule 
at  the  attachment  of  the  supraspinatus  and  infraspinatus  and  the  teres 
minor.     Such  a  rent,  he  contended,  would  allow  the  arm  to  drop  down 


and  luxate  through  the  lax  portion  of  the  capsule  between  the  insertion 
of  the  supscapularis  above  and  the  origin  of  the  triceps  below,  without 
necessarily  tearing  this  lax  portion.  Thomas  does  not  agree  with  this 
view,  asserting  that  in  his  opinion  the  rent  usually  occurs  in  the  anterior 
inferior  portion  and  that  there  is  no  damage  to  the  capsule  in  the  region 
of  the  greater  tuberosity.  In  none  of  the  cases  in  this  series  has  there 
heen  any  evidence  of  rupture  of  the  supraspinatus  and  infraspinatus 
tendons  and  damage  to  the  capsule.  It  might  be  supposed  that  a  rup- 
ture of  these  tendons  would  tend  to  detach  some  of  the  periosteal  cells 
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from  the  greater  tuberosity,  and  that  the  callus  thus  formed  would  cast 
shadows  on  the  plate,  but  the  roentgenograms  in  every  case  in  this  series 
were  negative.  Also  the  curative  value  of  a  capsulorrhaphy  of  the  an- 
terior inferior  portion  of  the  capsule  would  further  substantiate  the 
theory  that  this  is  the  point  of  exit  for  the  dislocating  head.  Other 
authorities,  such  a^  Loebker,  suggest  some  abnormality  or  defect  in  the 
head  of  the  humerus,  but  their  proof  for  such  a  condition  is  not  very 
convincing. 

There  is  always  a  history  of  a  traumatic  dislocation.  The  second 
dislocation  may  occur  a  few  weeks  or  a  few  months  after  the  6rst,  and 
those  that  follow  gradually  become  more  frequent.  The  motion-pro- 
ducing luxation  is  one  with  the  arm  in  abduction  and  a  little  forward. 
The  position  causes  the  greater  part  of  the  humeral  head  to  be  pressed 
against  the  weak  part  of  the  capsule  and  at  the  same  time  relaxes  the 
biceps  tendon  as  it  runs  in  the  bicipital  groove.  The  dislocations  may 
occur  so  often  that  the  patient,  or  his  friends  under  hts  direction,  may 
make  the  reduction.  The  number  of  dislocations  and  the  degree  of 
disability  vary  in  individual  cases.  One  patient  in  the  series  had  had 
more  than  a  hundred  dislocations.  As  would  be  expected,  dislocations 
are  more  common  in  the  male  than  in  the  female,  the  proportion  in  this 
group  being  seven  males  to  one  female.  They  are  found  in  the  young 
and  middle-aged,  and  are  by  no  means  unknown  in  the  aged.  Epilep- 
tics are  subject  to  the  disability.  The  disability  due  to  the  uncer- 
tainty and  irregularity  of  the  attacks  may  be  so  extreme  that  the  pa- 
tients are  unable  to  earn  a  livelihood.  It  is  generally  stated  that  re- 
curring dislocations  are  caused  by  insufficient  fixation  following  the 
original  luxation.  This  is  probably  true,  but  the  fact  remains  that  when 
the  ordinary  dislocation  is  reduced  and  the  patient  is  allowed  to  go  about 
his  usual  duties  in  a  few  days,  subsequent  dislocations  rarely  occur. 
To  safeguard  our  patients  against  this  disagreeable  sequela,  the  arm 
should  be  carried  in  a  sling  for  ten  days  and  abduction  of  the  shoulder 
absolutely  prohibited  for  one  month  following  the  accident. 

As  braces  and  appliances  are  cumbersome  and  seldom  successful  in 
the  treatment,  there  remain  only  surgical  measures.  In  the  past,  ex- 
treme measures  have  been  undertaken  to  relieve  the  condition. 

Resection  of  the  head  of  the  humerus  has  been  done  by  some  sur- 
geons, notably  Cramer,  Kuester,  Kraske,  Popke,  Volkmann,  Schueller, 
Staffer,  Mueller,  and  Francke.  Such  a  procedure  is  mentioned  only  to 
he  condemned.     Albert  prevented  the  recurrences  in  his  coses  by  pro- 
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ducing  a  bony  ankylosis,  and  while  this  seems  somewhat  extreme,  it 
might  readily  be  advised  if  milder  measures  failed.  An  ankylosis  of  the 
shoulder-joint  produced  with  the  humerus  at  a  right  angle  to  the  body 
gives  a  very  useful  arm,  as  has  been  shown  in  cases  of  infantile  paralysis 
in  which  such  operation  has  been  performed  because  of  paralysis  of  the 
deltoid.  The  scapular  vertebral  muscles  acting  on  the  scapula  are  used 
to  abduct  the  arm.  It  has  been  found  that  by  merely  incising  the  cap- 
sule at  the  anterior  inferior  angle  and  overlapping  it,  by  the  process  of 
capsulorrhaphy,  the  dislocations  are  prevented.     Gerster  in  1883  was 


Tit,  im.— Capiule.  ihowiiig  cvtfltpping  (npsularrhspliy),  wilh  [our  doubled  rhramw  celgut  tuluro  in  pluc. 

the  first  to  do  this.  Bardenheuer  did  the  same  in  1886,  and  Ricard  in 
1802.  More  recently  Thomas  has  reported  cases  in  which  cure  has  been 
effected  by  capsulorrhaphy.  Young  has  outlined  a  method,  basing  his 
operation  on  the  fulcrum  action  of  the  pectoralis  major  and  the  latissi- 
mus  dorsi.  The  operation  consists  in  the  severing  of  the  lower  portions 
of  these  muscles  at  the  point  at  which  they  are  inserted  into  the  lips  of 
the  bicipital  groove.  v 

To  expose  the  capsule  of  the  joint  for  capsulorrhaphy,  an  incision  is 

'17—15 
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made  which  runs  along  the  anterior  fold  of  the  axilla  while  the  arm  is 
held  in  abduction.  The  pectoralis  major  muscle  is  strongly  retracted 
and  the  dissection  is  carried  down  onto  the  capsule  below  the  tendon  of 
the  subscapularis.  An  incision  is  made  into  the  capsule  and  three  or 
four  mattress  sutures  of  N6.  2  chromic  catgut  doubled  are  inserted 
(Fig.  298).  It  will  be  found  that  the  overUpping  of  the  capsule  may  be 
secured  readily  by  rotating  the  arm.  The  sutures  are  pUced  in  the  weak, 
lax  part  of  the  capsule  at  the  inferior  anterior  portion.  The  wound  is 
closed,  the  arm  is  held  strapped  to  the  side  of  the  body  for  two  weeks, 
and  abduction  to  a  right  angle  is  not  permitted  for  six  weeks. 

The  plastic  operation  of  Young  is  accomplished  by  an  incisim  which 
starts  a  little  farther  out  on  the  axillaiy  fold  and  extends  a  little  farther 
down  onto  the  humerus  over  the  bicipital  groove.  The  tendon  of  the 
pectoralis  major  is  brought  into  view  and  the  lower  half  severed-  The 
latissimus  dorsi  on  the  opposite  side  of  the  biceps  tendon  is  exposed  and 
the  inferior  part  of  this  is  divided.  The  arm  is  then  placed  in  a  plaster- 
(rf-Paris  spica,  and  is  held  at  a  right  angle  to  the  body  for  from  ten  days 
to  two  weeks. 

The  question  confronting  the  surgeon  is  which  operation  to  choose 
in  order  to  secure  the  relief  desired.  From  a  study  of  this  group  of  only 
eight  cases  I  am  unable  to  answer  the  question.  The  principles  under- 
lying the  operations  are  dissimilar,  and  I  know  of  no  way  of  determining 
beforehand  which  procedure  offers  the  best  chance  for  cure.  It  is  pos- 
sible that  if  the  capsule  is  strengtheaed,  it  will  withstand  the  fulcrum 
action  claimed  by  Young.  On  the  other  hand,  the  weakened  capsule 
may  withstand  attempts  at  dislocation  if  the  fulcrum  is  weakened,  if  the 
operator  will  lengthen  part  of  the  tendons  of  the  [>ectoralis  major  and  the 
latissimus  dorsi. 

Eight  patients  (7  males  and  1  female)  have  been  operated  on  in  the 
Mayo  Clinic  for  recurrent  dislocation  of  the  shoulder- joint.  One  opera- 
tion, performed  July,  1917,  is  too  recent  to  report,  although  the  patient 
is  well  at  the  time  of  writing  (October,  1917).  Five  of  the  remaining  7 
may  be  called  cured.  There  is  one  in  whom  the  operation  is  a  failure, 
though  really  only  a  partial  failure,  for  whereas  previous  to  the  operation 
he  had  \i  or  more  dislocations  a  year,  in  the  last  year  and  a  half  he  has 
had  only  8,  In  one  other  case  the  treatment  is  apparently  a  distinct 
failure  after  both  a  capsulorrhaphy  and  a  lengthening  of  the  tendons  of 
the  latissimus  dorsi  and  the  pectoralis  major.     If  the  patient  in  this  case 
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returns,  I  shall  advise  an  arthrodesis  of  the  head  of  the  humerus  and  the 
glenoid  fossa  with  the  arm  at  a  right  angle. 

Repobt  or  Cases 
Case  60183. — W,  C,  a  man,  laborer,  aged  twenty-four  years,  came 
to  the  Clinic  for  examination  April,  1912.  Six  years  previously  he  had 
dislocated  his  shoulder  and  the  dislocation  had  not  been  reduced  for 
thirty-six  hours.  After  that  there  had  been  multiple  dislocations,  not 
prevented  by  apparatus.  Capsulorrbaphy  was  performed  April,  1912, 
and  there  were  no  dislocations  until  November,  1913.  January,  1914, 
the  Young  operation  was  performed.  The  man  has  since  had  disloca- 
tions and  the  case  must  be  called  a  failure. 

Cabe  87419. — H.  W.,  a  man,  laborer,  aged  twenty-five  years,  came 
for  examination  July,  191S.  Five  years  before  hb  left  shoulder  had  been 
dislocated  in  a  runaway  accident.  Later  he  bad  bad  seven  dislocations, 
and  was  incapacitated  for  a  month  after  each.  There  had  been  an  inter- 
val of  two  years  between  the  last  two  dislocations,  the  latest  one  occur- 
ring June,  1913.  Capsulorrbaphy  was  performed  July,  191S,  and  in  a 
communication  from  the  patient  August,  1917,  he  said  he  had  had  do 
further  trouble  and  was  doing  everything  he  wished  to  do  with  bis  arm. 
The  case  may  be  classified  as  a  cure. 

Case  90312. — L.  L.,  a  man,  clerk,  aged  nineteen  years,  was  first 
examined  August,  1013.  Eighteen  months  previously  the  shoulder  had 
been  dislocated  while  he  was  playing  hockey.  During  the  eighteen 
months  the  dislocation  occurred  probably  a  dozen  times,  the  last  time 
while  he  was  swimming.  CapsidoTrhaphy  was  [>erfoTmed  August, 
1913,  and  in  a  communication  from  his  mother,  September,  1917,  it 
was  stated  that  the  arm  feels  somewhat  weak  but  that  no  dislocations 
have  occurred.     The  case  may  be  called  a  cure. 

Case  107485. — M.  G.,  a  man,  mercbant,  aged  forty-one  years,  was 
examined  June,  1914.  Nineteen  years  before  he  had  fallen  and  dis- 
located his  right  shoulder.  It  was  reduced  immediately.  There  were 
several  dislocations  during  the  next  four  years,  and  then  he  caught  a 
cold  which  seemed  to  settle  in  the  right  shoulder.  For  four  months 
there  was  a  soreness  which  prevented  his  lifting  the  right  arm  to  the  head. 
After  that  he  had  numerous  dislocations,  and  ten  years  prior  to  the  ex- 
amination he  fell,  and  in  catching  himself,  dislocated  the  left  shoulder. 
The  left  shoulder  has  not  been  dislocated,  however,  for  two  years,  and 
we  consider  the  dislocation  merely  the  result  of  an  ordinary  trauma. 
The  right  shoulder,  however,  had  been  out  of  joint  repeatedly,  the  last 
dislocation  being  three  weeks  before  the  examination.  Capsulorrbaphy 
was  performed  June,  1914,  and  in  a  communication  August,  1917,  the 
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patient  asserts  that  he  has  had  no  further  trouble,  and  that  he  gets  along 
very  nicely. 

Case  118613. — R.  V.  A.,  a  man,  bookkeeper,  aged  thirty-three  years, 
was  examined  November,  19H.  After  a  dislocation  of  the  left  shoulder 
seven  years  previously  he  had  had  recurring  dislocations — at  least  tweh-e 
a  year.  He  sometimes  threw  the  shoulder  out  of  joint  in  reaching  for  a 
book  or  anything  on  a  shelf.  November,  1914,  capsulorrhaphy  was  per- 
formed. The  patient  was  not  troubled  until  Alay,  1915,  when  he  had  a 
peculiar  feeling  that  his  shoulder  was  going  to  slip  out.  He  now  reports 
that  during  the  last  year— two  and  one-half  years  after  operation — the 
shoulder  has  slipped  out  twice.  This  ease  should  not  be  put  down  as  a 
dbtinct  failure,  since  the  shoulder  is  really  improved  and  the  function 
is  markedly  improved.  As  the  patient  intends  to  return  for  obser\'a- 
tion,  I  have  recommended  that  the  Young  operation  be  performed  to 
see  if  it  will  stop  the  trouble. 

Case  IS3808. — S.  F.  L.,  a  man,  lawyer,  aged  twenty-five  years,  was 
examined  February,  1915.  Eight  years  previously  he  had  dislocated  his 
shoulder  playing  football.  The  next  time  it  was  dislocated  while  he  was 
swimming,  the  third  time  while  he  was  playing  baseball,  and  it  had  even 
slipped  out  while  he  was  sleeping.  At  the  time  of  the  examination  he 
was  wearing  a  band  around  the  body  to  hold  the  arm  to  his  side.  He  had 
worn  this  steadily  for  a  year  and  a  half,  thus  averting  dislocations.  The 
condition  had  completely  incapacitated  him  for  any  participation  in 
athletics.  Capsulorrhaphy  was  performed  February,  1915,  and  in  a 
letter  from  him  dated  August,  1917,  from  an  officers'  training  camp,  be 
says  he  has  been  able  to  do  his  bit  in  such  strenuous  tests  as  digging 
trenches,  bayonet  exercises,  and  trench  storming,  without  suffering 
the  slightest  inconvenience  or  trouble  from  the  shoulder. 

Cabe  156847. — J.  C.  S.,  a  man,  merchant,  aged  thirty  years,  was  ex- 
amined April,  1916.  Ten  years  before  he  had  dislocated  his  shoulder.  The 
dislocation  remained  for  two  days,  and  then  reduced  itself,  which  would 
lead  one  to  believe  it  must  have  been  a  subglenoid  dislocation.  The 
shoulder  has  been  dislocated  many  times  since,  and  he  has  had  to  take 
gas,  ether,  or  chloroform  about  ten  times.  April,  1916,  the  Young  opera- 
tion was  performed.  In  a  letter  dated  August.  1917,  he  states  that  he 
has  had  no  further  trouble  and  that  this  shoulder  seems  to  be  as  strong 
as  the  other. 

Case  200995. — H.  J.,  a  woman,  nurse,  aged  thirty-three  years,  was  ex- 
amined July,  1917.  On  Thanksgiving  day,  1915,  she  Tell  and  dislocated 
her  shoulder.  It  was  reduced  about  an  hour  later,  and  was  held  to  the 
side  for  ten  days.  The  next  dislocation  occurred  Christmas  day,  1916, 
to  be  followed  by  four  dislocations.     Capsulorrhaphy  was  performed 
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July,  1917,  and  up  to  the  time  of  writing,  October,  1917,  there  have  been 
no  further  dislocations. 

Conclusions 

1.  Recurrent  dislocations  of  the  shoulder  may  be  cured  by  operation, 
capsulorrhaphy  being  the  operation  of  choice. 

S.  Capsulorrhaphy  has  been  found  to  be  sufficient  in  the  majority  of 
cases. 

3,  Resection  of  the  head  of  the  humerus  is  not  permissible  for  the 
condition. 

4.  Arthrodesis  or  ankylosing  of  the  head  of  the  bone  to  the  scapula 
with  the  arm  at  a  right  angle  would  be  an  extreme  measure,  but  permis- 
^ble. 


1.  Albert.  B.:  Arthrodese  bei  einer  habituellen  Luxation  dea  Schultergelenkes.   Intemat. 
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ol  the  entire  brachial  plexus,  followed  by  paratyais.    Med.  News.  Phila..  1884,  iliv, 
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3.  Joessel,  J.  G.:   Ueber  die  Recidive  der  Humerusluiationen.    Deutsch.  Ztschr.  f.Chir., 

ISeO,  xiii,  167-184. 

4.  Thomas,  T.T.:  Habitual  or  recurrent  anterior  dislocation  of  the  shoulder.    I.  Etiology 
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DIAGNOSIS  AND  TREATMENT  OF  TUBERCULOUS 
ARTHRITIS  OF  THE  HIP-JOINT* 


H.    W.    MEYERDING 


ShorteniDg  and  ankylosis  in  deformity,  after  prolonged  suffering  and 
disability,  are  the  results  of  nature's  cure  of  tuberculous  disease  of  the 
hip.  Abscess-formation  with  annoying  multiple  sinuses  frequently' 
complicates  the  condition  and  adds  to  the  misery  of  tfae  patient.  To 
avoid  these  end-results,  early  diagnosia  and  careful,  prolonged  treatment 
must  be  carried  out  under  competent  supervision. 

While  tuberculous  disease  of  the  hip  is  usually  found  in  the  first  dec- 
ade. Whitman's'  report  of  88,1  per  cent  of  patients  under  ten,  and  45.6 
per  cent  between  three  and  five  years  of  age,  and  a  review  of  cases  ob- 
served at  the  Mayo  Clinic,  leads  us  to  conclude  that  our  practice  con- 
sists principally  of  long-standing,  severe,  or  neglected  cases.  In  100  con- 
secutive cases  there  were  23  patients  in  the  first  decade,  2S  in  the  second. 
24  in  the  third,  22  in  the  fourth,  4  in  the  fifth,  and  4  in  tfae  sixth.  The 
average  duration  of  the  disease  before  our  examination  was  twenty 
months,  the  earliest  two  weeks,  and  the  most  prolonged,  forty-six  years. 
The  histories  clearly  show  early  diagnosis  and  that  proper  treatment  was 
instituted,  only  to  be  discarded  at  the  termination  of  acute  symptoms, 
to  be  followed  by  recurrence,  the  formation  of  abscess,  ankylosis,  etc. 
Fifty-six  per  cent  of  these  patients  were  males  and  44  per  cent  females. 
The  right  hip  was  affected  in  60  per  cent. 

A  diagnosis  should  not  be  made  by  roentgenograph  alone,  nor  should 
it  depend  entirely  on  laboratory  findings,  but  rather  on  a  carefully  writ- 
ten history,  a  clinical  examination  substantiated  by  the  roentgenograph 
and  the  laboratory  findings.  The  fact  that  Ferthe's  osteochondritis 
deformans  juvenilis  has  been  but  recently  differentiated  from  tubercu- 
lous arthritis  makes  this  summarization  of  findings  in  diagnosis  obvious. 
The  history  is  of  great  importance  in  bringing  out  the  insidious  onset, 
the  exposure  to  trauma  and  infection,  etc. 
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Forty-four  per  cent  of  our  patients  gave  a  history  of  trauma  directly 
preceding  the  primary  complaint,  and  referred  to  it  voluntarily  as  the 
cause  of  the  arthritb.  Trauma  was  the  most  frequent  cause  of  remis- 
sion of  symptoms,  those  second  in  importance  being  illness  or  pregnancy. 
Exposure  to  tuberculosis  in  the  home  was  noted  in  17  per  cent. 

Among  the  earliest  symptoms  are  muscle-spasm,  limping,  pain,  and 
atrophy.  The  patient  frequently  rests  the  well  foot  on  the  affected  one, 
and  pushes  down  in  the  effort  of  trat^tion  and  fixation.  Pain  is  often  re- 
ferred to  the  knee-joint.  Night  starts  and  cries  may  or  may  not  occur 
and  are  not  in  themselves  diagnostic,  but  associated  with  other  symp- 
toms, aid  in  the  conclusions.  Later,  deformity,  shortening,  periarticular 
thickening,  and  cold  abscess-formation  may  become  evident. 

Roentgenograph ic  findings  are  dependent  on  the  stage  of  the  disease, 
vaiying  from  synovitis,  and  thickened  or  distended  capsule,  to  areas  of 
rarefaction  and  general  haziness  or  destruction  of  the  entire  joint  and 
acetabulum,  with  upward  displacement  of  the  greater  trochanter.  Even 
perforation  of  the  acetabulum  and  sequestrum  in  the  urinary  bladder 
may  occur.  In  our  series  there  were  two  cases  of  perforation  of  the 
bladder.  One  patient  was  operated  on,  the  sequestrum  proving  to  be 
the  femora]  head. 

Von  Pirquet's  test  is  of  the  greatest  value  as  an  aid  to  early  diagnosis 
in  children  under  two  years  of  age.  Its  value  decreases  with  increasing 
age.  Aspiration  and  guinea-pig  inoculation,  proving  the  presence  of 
tubercle  bacilli,  are  final  evidence.  Our  observations  would  lead  us  to 
believe  that  there  is,  independent  of  Perthe's  disease,  a  mild  and  fulmin- 
ating type  of  tuberculous  arthritis.  The  blood  count  b  of  value  as 
showing  increase  in  lymphocytes  and  secondary  anemia.  In  48  pa- 
tients the  hemoglobin  averaged  67  per  cent.  The  temperature,  night- 
sweats,  other  tuberculous  lesions,  etc.,  give  further  evidence  of  the  dis- 
ease. 

Differential  Diagnosis 

1.  Traumatic  arthritis  or  periarticular  injury  is  easily  differentiated 
by  local  tenderness,  ecchymosis,  the  history,  and  a  negative  roentgeno- 
graph, while  impaction-factures,  later  causing  a  limp,  and  shortening 
diie  to  loosening  up  of  the  impaction,  give  positive  roentgenographs. 

i.  Chronic  hypertrophic  arthritis  has  frequently  been  confused  with 
the  tubercular  arthritis.  The  condition  appears  in  older  persons,  and 
shows  characteristic  lipping  arthritis  without  rarefaction,  etc.  The 
limitation  of  motion  is  usually  in  abduction  and  rotation  due  to  me- 
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chanical  obstruction  and  there  is  little  or  no  muscle-spasm,  shorten- 
ing, etc. 

3.  Infectious  arthritis  is  usually  multiple,  acute,  and  accompanied 
by  high  fever  and  leukocytosis.  A  search  for  focal  infection  and  its 
removal  lead  to  rapid  recovery.  Aspiration  and  bacteriologic  examina- 
tion aid  in  differentiation.  The  observa^on  of  the  patient  may  be 
necessary  for  some  time. 

4.  Perthes  disease,  osteochondritis  deformans  juvenilis,  may  re- 
semble tuberculosis  clinically,  but  may  be  differentiated  by  the  char- 
acteristic epiphyseal  changes. 

5.  Infantile  paralysis  is  easily  differentiated  in  the  paralytic  stage. 
In  the  acute  stage  there  may  be  local  pain  and  tenderness  for  a  short 
time,  which  soon  leave  a  typical  paralysis. 

6.  Arthritis  of  the  knee  allows  motion  of  the  hip  without  pain  when 
the  knee  is  held  immobilized,  and  the  entire  limb  carefully  manipulated. 
An  examination  of  the  hip  should  always  be  made  when  pain  in  the  knee 
is  complained  of  without  local  objective  findings. 

7.  Pott's  disease  of  the  lumbar  spine  has  as  its  earliest  symptom 
muscle-rigidity.  Careful  manipulation  of  the  hip  with  negative  roent- 
genographs will  make  clear  that  the  hip  itself  is  not  involved. 

8.  Congenital  dislocation  lacks  muscle-spasm,  rigidity,  atrophy,  etc., 
and  is  positively  diagnosed  by  the  gait,  palpation,  and  the  roentgeno- 
graph. 

Treatment 

The  general  hygienic  antitubereulous  care  of  the  patient  is  of  the 
utmost  importance.  RoUier's'  methods  are  productive  of  excellent 
results.  Sunshine,  fresh  air,  and  simple  substantial  food  are  the  most 
useful  general  aids,  and  preferable  to  dosing  the  patient  with  medicine, 
although  tonics  and  constructives  have  a  value.  The  use  of  a  sun  porch 
is  urged,  and  patients  are  instructed  to  live  thereon.  They  should  sleep 
with  windows  open,  and  be  properly  protected  against  wind  and  cold. 

The  local  treatment  is  dependent  on  the  stage  of  the  disease  and  the 
circumstances.  We  prefer  the  Jones  abduction  frame  and  have  used 
it  with  much  satisfaction  during  the  acute  stage  (Fig.  299).  It  allows 
fixation  and  extension;  it  relieves  pain  and  spasm,  while  at  the  same 
time  correcting  the  deformity.  The  bed-pan  may  be  used  without 
moving  the  patient,  ^^'hen  necessary,  by  grasping  the  bar  between  the 
legs  and  the  head-piece,  the  patient  and  the  frame  may  be  transported 
without  discomfort.     Pressure-sores  seldom  develop  and  then  only  from 
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neglect.    The  body  may  be  inspected  and,  if  dressings  are  required, 
ea^  access  is  permitted.     The  length  of  time  the  patients  remain  on 


this  frame  is  of  little  consequence,  just  so  they  remain  long  enough.  It 
is  far  better  to  keep  them  there  until  all  acute  symptoms  have  subsided, 
the  general  condition  has  improved,  the  deformity  has  been  corrected. 
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and  roentgenographic  examination  shows  redeposit  of  salts.  Many  of 
our  patients  remain  on  this  frame  a  year  or  more  when  the  severity  of 
the  disease,  sinus  or  abscess-formation  make  it  necessary  (Fig.  300). 

In  adults  the  acute  stage  may  be  treated  by  Buck's  extension  in  bed, 
the  limb  being  supported  by  sandbags. 


During  the  subacute  stage,  if  no  drainage  exists,  a  cast  of  the  Lorenz 
type  may  be  used,  together  with  crutches  and  the  elevation  of  the  sound 
limb  by  means  of  a  patten  (Fig.  301). 

The  length  of  time  required  during  this  stage  of  treatment  must  be 
determined  in  each  individual  case.  When  weight-bearing  is  attempted 
under  supervision  and  no  pain  ensues,  the  patient  is  warned  as  to  the 


ey  Google 


TDBEBCtTLOrs  ARTHRITIS   OF  THE   HIP-JOINT  715 

danger  of  trauma,  provided  with  a  Thomas  hip  spUnt,  and  advised  to 
continue  crutches,  for  a  period  of  three  or  four  months,  gradually  apply- 
ing more  weight  to  the  afflicted  limb.  Any  remission  of  symptoms 
should  be  treated  by  recumbency  and  extension  (Fig.  302). 

At  the  time  of  examination  90  per  cent  of  the  patients  in  our  series 
showed  deformity,  the  flexion  adduction  type  being  practically  always 
present.  Nineteen  per  cent  were  ankylosed,  and  the  average  shortening 
was  i%  inches.  In  60  per  cent  the  deformity  was  in  the  right  hip.  Ten 
per  cent  required  aspiration,  and  14  per  cent  curettage  or  sequestrotomy. 
The  patients  with  deformities,  and  those  in  the  subacute  stages,  were 
treated  by  brisement  forc^  with  ether  anesthesia  and  plaster  casts,  fol- 
lowed by  crutches,  etc.  Osteotomy  of  Gant's  type  was  performed  in 
cases  in  which  the  deformity  had  become  ankylosed. 
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PLASTY?* 

M.    S.    HENDERSON 


Arthroplasty  is  an  operation  designed  to  restore,  as  far  as  possible, 
the  integrity  and  function  of  a  joint  which  has  been  partly  or  totally 
destroyed.  This  report  deals  only  in  a  general  way  with  the  end  results 
of  such  operations  in  43  cases  in  the  Mayo  Clinic  and  in  395  cases  col- 
lected from  other  clinics.  In  some  of  the  cases  incorporated  in  the  re- 
port the  patients  have  been  operated  on  for  relief  of  bony  ankylosis; 
others  for  so-called  6brous  ankylosis  or  mechanical  impediment  to 
motion.  In  the  collected  group  of  cases  no  mention  is  made  as  to  the 
type  of  ankylosis  demanding  the  arthroplasty,  but  in  our  own  cases  this 
is  stated. 

Believing  that  a  de6nite  expression  from  orthopedic  surgeons  and 
their  confreres  concerning  the  end  results  of  arthroplasties  would  be  in- 
teresting, 180  letters  of  inquiry  were  sent  out.  While  these  opinions 
would  be  more  or  less  general,  yet  being  backed  by  a  definite  statement 
of  the  number  of  cases,  they  would  convey  a  correct  impression,  at  least, 
of  the  favor  in  which  the  operation  of  arthroplasty  stands  among  the 
group  of  men  on  the  firing-line  of  joint  deformities. 

Fifty-one  answers  to  these  letters  were  definite  enough,  so  that  data 
could  be  tabulated  on  395  arthroplasties.  The  results  in  these  cases 
were  classified  as  good,  fair,  and  poor.  One  hundred  and  twenty-six 
(30  per  cent)  of  the  total  number  of  the  arthroplasties  were  on  the  elbow; 
117  {«9  per  cent)  were  on  the  knee;  98  (24  per  cent)  were  on  the  hip; 
SO  (7  per  cent)  were  on  the  jaw;  and  22  (5  per  cent)  were  on  the  ankle, 
thus  showing  the  relative  order  of  the  frequency  of  operation.  It 
seemed  somewhat  surprising  that  the  number  of  operations  on  the  knee 
closely  approximated  the  operations  on  the  elbow.  Thb  does  not 
necessarily  signify  that  operations  on  the  knee  give  as  good  results  as 
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those  on  the  elbow,  but  because  ankylosis  of  the  knee  is  a  more  common 
condition,  it  has  been  very  prominent  in  recent  years  as  a  surgical  prob- 
lem. 

Of  the  126  operations  on  the  elbow,  97  (76  per  cent)  were  recorded  as 
having  given  good  results;  21  (18  per  cent)  were  recorded  fair,  and  8  (6 
per  cent)  were  recorded  poor.  In  the  117  operations  on  the  knee  18 
(IS  per  cent)  gave  good  results;  SO  (85  per  cent)  were  fair,  and  69  (59 
per  cent)  were  poor.  In  the  98  operations  on  the  hip-joint  56  (57  per 
cent)  gave  good  results;  18  (18  per  cent)  were  fair;  and  24  (24  per  cent) 
were  poor.  In  the  32  operations  on  the  jaw  the  highest  percentage  of 
good  results  was  obtained;  that  is,  30  (93  per  cent).  One  was  reported 
fair,  and  1  poor.  In  the  22  operations  on  the  ankle  the  results  were 
classi6ed  as  3  (13  per  cent)  good;  13  (59  per  cent)  fair;  and  6  (27  per 
cent)  poor. 

In  the  total  number,  395  arthroplasties,  there  were  204  (51  per  cent) 
good  results;  83  (21  per  cent)  fair;  and  108  (27  per  cent)  poor. 

Confining  our  attention  only  to  those  cases  which  were  reported  good, 
we  find  that  the  jaw  ranks  first,  the  elbow  second,  the  hip  third,  the  knee 
fourth,  and  the  ankle  fifth.  Eliminating  the  knee-joints  entirely  from 
the  compilation,  there  are  266  arthroplasties,  in  which  68  per  cent  gave 
good  results;  16  per  cent  gave  fair  results,  and  13  per  cent  gave  poor 
results.  It  is  plainly  unfair  to  group  arthroplasties  as  an  entity,  and 
each  joint  under  discussion  must  stand  on  its  own  merits  as  to  its  fitness 
or  unfitness  for  arthroplastic  work. 

The  writer  realizes  that  this  collection  of  statistics  is  open  to  criti- 
cism, but  they  are  offered  merely  to  show  in  a  general  way  the  end- 
results  of  arthroplasties.  While  one  surgeon  may  be  too  optimistic 
concerning  his  results,  another  may  be  too  pessimistic,  so  that  the  two 
viewpoints  tend  to  strike  a  fair  average  for  the  whole. 

Our  attitude  in  the  Mayo  Clinic  toward  the  operation  of  arthroplasty 
has  been  frankly  conservative  and,  considering  the  amount  of  clinical 
material  seen  in  the  orthopedic  division,  the  number  of  arthroplasties 
recorded  is  quite  small.  That  an  excellent  functionating  joint  can  be 
made  under  certain  conditions  has  been  shown  by  the  operation  for 
bunions  described  by  Dr.  C.  H.  Mayo*  years  ago.  In  ankylosed  joints 
the  same  ideal  conditions  do  not  exist,  and  this  is  particularly  true  if  the 
joint  in  question  must  bear  weight,  for  example,  the  knee.  The  ques- 
tion of  function  is  primarily  the  most  important.  Many  patients,  not 
appreciating  the  difficulties  of  the  operation,  have  requested  an  arthro- 
*M«yo,  C.  H.;  The  surgical  treatment  of  bunion.     Ann.  Surg.,  1908,  xlviii,  300-302. 
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plasty,  but  on  having  definitely  placed  before  them  the  facts  that  the 
results  of  such  operations  are  not  certain  to  be  good  and  that  their  anky- 
losed  joint  is  both  useful  and  painless,  have  gone  home  reconciled  to  their 
condition. 

In  performing  an  arthroplasty  the  basic  principles  and  good  lechnic 
must  be  observed  to  offer  even  a  reasonable  chance  of  success.  I  shall 
not  here  enter  into  the  question  of  technic  except  to  state  that  some  of  our 
failures  may  be  definitely  attributed  to  the  removal  of  too  little  bone. 

In  our  43  cases  sufficient  time  has  elapsed  since  the  operation  to  per- 
mit of  a  definite  opinion  as  to  the  end  results. 

The  operations  on  the  elbow  form  the  largest  group,  there  being  21 
cases  with  12  (55  per  cent)  good  results;  3  (13  per  cent)  fair;  and  6  (27 
per  cent)  poor. 

The  operations  on  the  jaw  form  the  next  largest  group,  there  being  12. 
with  8  (87  per  cent)  good  results,  2  (16  per  cent)  fair,  and  2  (18  per  cent) 
poor. 

There  were  4  operations  on  the  hip,  1  (25  j>er  cent)  with  good  re- 
sults, 2  {50  per  cent)  fair,  and  1  (25  per  cent)  poor. 

Arthroplasty  was  done  on  the  knee  4  times,  with  no  good  result. 
In  1  (25  per  cent)  it  was  fair  and  in  3  (75  per  cent)  it  was  poor. 

The  ankle  was  operated  on  twice  with  1  (50  per  cent)  good  result  and 
1  (50  per  cent)  fair  result. 

Of  the  43  arthroplasties,  we  can  report  good  results  in  82  (51  per 
cent),  in  9  (20  i>er  cent)  fair  results,  and  in  12  (28  per  cent)  poor  results. 
These  results  coincide  in  the  main  with  the  group  of  cases  coUected. 

Nine  of  the  patients  having  operations  on  the  elbow  had  bony  anky- 
losis and  5  gave  good  results.  Twelve  had  partial  though  nearly  com- 
plete ankylosis,  2  being  subacute  tuberculous  cases.  Good  functional 
results  were  attained.  One  of  the  tuberculous  patients  is  known  to 
have  later  developed,  at  intervals,  trivial  tuberculous  abscesses,  but  now 
for  seven  years  has  had  a  good  functional  joint  without  pun.  After 
a  fracture  dislocation  of  the  elbow  a  condition  may  ensue  which  is 
practically  an  ankylosis.  In  this  particular  type  of  case  a  good  result  is 
not  apt  to  follow  arthroplasty  unless  a  great  deal  of  bone  is  removed,  for 
there  is  a  persistent  tendency  to  form  callus  after  operation.  In  all  the 
jaw  cases  there  was  an  absolute  bony  ankylosis.  The  type  of  operation 
was  merely  to  remove  the  ankylosed  condyle,  not  placing  any  flap  or 
membrane  in  the  cavity.  In  all  the  knee-joint  cases  there  was  complete 
ankylosis.     A  good  result  was  not  obtained.     In  one  the  result  was  fair. 


ey  Google 


;    REAL   RESULTS  OF  ABTHROPLABTY? 


719 

This  was  the  case  of  a  young  woman  with  double  bony  ankylosis  of  the 
knees,  and  while  the  result  has  not  been  particularly  gratifying  from  a 
surgical  point  of  view,  the  patient  is  more  than  pleased  with  it.  There 
is  flexion  to  nearly  45  degrees,  and  full  extension,  with  quite  a  firm, 
steady  joint.  The  four  arthroplasties  on  the  hip  were  all  done  for  bony 
ankylosis.     In  one  the  result  was  good. 

Conclusions 
1'.  Statistics,  taking  arthroplasties  on  all  joints  as  a  whole,  and  stat- 
ing percentages,  are  unreliable.     Each  joint  must  stand  on  its  own 
merits  for  arthroplastic  procedures. 

2.  The  jaw-,  elbow-,  and  hip-joints,  in  the  order  named,  give  the 
highest  percentage  of  good  results. 

3.  The  knee  and  ankle  give  the  poorest  results,  and  should  be  sub- 
jected to  the  operation  only  after  very  careful  consideration. 

49  ARTHROPLASTIES  (MAYO  CLINIC) 
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OSTEOCHONDROMATOSIS  OF  THE  KNEE-JOINT* 

M.    S.    HENDERSON 


It  is  generally  recognized  that  loose  bodies  in  the  knee-joint  may  be 
produced  by  direct  trauma  to  the  articular  surfaces  of  the  joint.  It  is 
also  recognized  that  in  a  certain  group  of  persons  suffering  from  osteo- 
chondritis dissecans  there  is  a  tendency  to  the  formation  of  these  loose 
bodies  on  the  infliction  of  a  comparatively  slight  trauma.  In  such  in- 
stances the  bodies  rarely  exceed  two  or  three  in  number.  Occasionally, 
however,  a  history  is  obtained  of  a  locking  of  the  joint  (usually  following 
trauma),  and  on  physical  examination  the  knee-joint  gives  the  sensa- 
tion of  feeling  a  sack  of  marbles,  so  numerous  are  the  loose  bodies. 
Th^  skiagraph  shows  perhaps  i5  or  more  bodies  in  a  distended  synovial 
sac,  but  the  joint  surfaces  themselves  are  clear  cut  and  show  no  scarring 
to  give  us  a  clue  to  the  origin  of  the  bodies.  It  appears  that  the  joint 
has  a  pathologic  habit  of  producing  loose  bodies  in  such  numbers  that 
"osteochondromatosis"  best  describes  the  condition.  The  term  is  more 
restricted  than  "loose  bodies,"  and  is  distinct  also  from  that  of  osteo- 
chondritis dissecans. 

The  following  case  is  an  example  of  osteochondromatosis  of  the  knee- 
joint. 

Case  157963.— A  male,  aged  twenty-six  years,  single,  oil-well  driller, 
presented  himself  for  examination  at  the  Mayo  Clinic  April  H,  1916. 
The  complaint  was  locking  of  the  left  knee,  followed  by  disability,  pain, 
and  swelling.  His  family  history  and  personal  history  were  negative. 
Past  illnesses  were  pneumonia  ten  years  before,  and  gonorrhea  thirteen 
years  before.  He  denied  syphilis,  and  the  Wassermann  test  was  nega- 
tive. Ten  years  before  his  leg  was  violently  twisted  outward  and 
"dislocated."  A  companion  pulled  on  the  leg  and  it  "went  back  into 
place"  with  a  loud  snap.  He  was  incapacitated  for  a  few  days;  marked 
swelling  followed  and  persisted  to  an  appreciable  degree  for  six  months. 
During  this  time  the  knee  could  be  completely  flexed,  but  not  com- 
pletely extended.     Soon  after  he  noticed  that  something  jammed  in  the 

'Reprinted  from  the  Am.  Jour,  of  Orthop.  Surg.,  1017,  iv,  351-U8. 
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posterior  part  of  the  joint,  locking  it  in  a  slightly  flexed  position.  By 
flexing  still  farther  and 
manipulating  the  leg  a 
little,  the  joint  would  be- 
come released.  Gradually 
during  these  years  the  at- 
tacks became  more  painful 
and  more  frequent,  each 
one  disabling  him  for  about 
a  week.  He  developed  a 
feeling  of  insecurity  of  the 
knee,  and  was  always  fear- 
ful of  an  attack.  His  work- 
ing efficiency  was  reduced, 
and,  finding  it  difficult  to 
hold  a  position,  he  came  to 
the  Clinic  seeking  relief. 

The  physical  examina- 
tion showed  a  well-devel-      _  ....  

■  -r       .     11    ■        1  flg.30S.— Multiple  looM  o«I«x«rtili^iicnia  bodiH  in  knw-JMot 

oped  man,  5  feet,  1 1  inches  Note  diitTikdni  >upn>piitiii>r  pnuch. 

in    height,    weighing    165 

pounds.  The  examination  was  negative,  with  the  exception  of  the  left 
knee,  where  multiple  loose  bodies 
could  be  felt;  motion  of  the  left  knee, 
at  the  time  of  our  examination,  how- 
ever, was  normal.  A  roentgenogram 
showed  shadows  of  multiple  loose 
bodies  extending  up  the  inner  and  an- 
terior aspect  of  the  femur,  well  above 
the  level  of  the  patella,  in  the  dis- 
tended suprapatellar  pouch;  many 
were  present  in  the  posterior  pouch, 
in  the  notch  between  the  condyles 
(Fig.  303).  Hypertrophic  arthritis 
was  also  present. 

On  April  27, 1916,  the  patella  was 

splitlongitudinally,  the  joint  exposed, 

and  19  roughly  rounded  loose  bodies, 

varying  in  size  from  ?^  to  ?^  inch, 

were  removed  (Fig.  304).     As  many 

as  possible  were  forced  from  the  pos- 

Mtrri^l^^'7tI^oi°ihr  iiini  hJ'ibiliJdi'M     tcrior  compartment,  but  the  majority 

'"••^•Bo.  in  this  position  defied  all  efforts  to 

dislodge  them.   They  were  rough  and 

mulberry-like  in  appearance.     A  considerable  degree  of  hypertrophic 

arthritis  was  made  out  at  the  articular  margins,  and  this  was  carefully 
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examined  to  detect  a  possible  ori^n  in  the  tipping  for  the  loose  bodies. 

The  arthritis  was  not  very  marked,  and,  in  my  opinion,  was  produced 
secondarily  by  the  me- 
chanical action,  and  could 
not  have  been  the  primary 
cause  of  the  loose  bodies. 
^ly  reason  for  this  opinion 
was  the  picture  presented 
by  the  synovial  mem- 
brane, which  was  loose, 
wrinkled,  pouched,  and 
somewhat  congested.  Mul- 
tiple fibrous  tags  hung 
from  the  synovia  of  the 
capsule,  the  articular  sur- 
faces themselves  being  nor- 
mal in  appearance  except 
for  a  low  degree  of  hyper- 
trophic arthritis  present- 
ing at  the  edges  as  stated. 
™  '  These  fibrous  tags  varied 
in  size,  both   in  diameter 

and  length,     ^me  were  pedunculated  and  the  tips  of  the  bulbous  ends 


were  covered  with  cartilage, 
produced  by  the  growth 
of  the  cartilaginous-tipped 
tags  until  they  became  too 
heavy  for  the  pedicle,  when 
they  broke  loose  and  wan- 
dered about  the  joint  as  free 
bodies,  gradually  increasing 
in  size,  being  nourished  by 
the  joint  fluid.  Oneofthese 
hanging  cartilage- tipped 
tags  was  excised,  and  a  mi- 
croscopic section  showed 
the  synovial  membrane 
congested  at  the  base,  the 
pedicle  fibrous,  and  the  tip 
cartilaginous.  One  of  the 
mulberry -.shaped  osteocar- 
tilaginous bodies  was  sec- 
tioned for  microscopic 
study.  There  was  bone  in 
the  interior,  distributed  at  i 
all  sides  with  cartilage. 


Itv 


s  very  clear  that  the  loose  bodies  were 
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ndom  in  small  flakes  and  surrounded  on 
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The  patient's  convalescence  was  satisfactory,  except  that  effusion  per- 
sisted. He  was  told  that  all  the  bodies  were  not  removed,  and  that  an 
incision  into  the  posterior  compartment  would  be  necessary.  On  at- 
tempting to  use  the  leg,  recurrence  of  the  locking  was  produced.  A 
roentgenogram  (Fig.  305)  showed  loose  bodies,  probably  six  in  number, 
in  the  posterior  compartment. 

On  June  23,  1916,  the  joint  was  explored  by  a  posterior  incision  after 
the  method  described  by  Brackett  and  Osgood,  and  six  good-sized  loose 
bodies  were  removed.  A  diligent  search  was  made,  but  others  could  not 
be  located.  The  convalescence  was  satisfactory,  but  another  roentgeno- 
gram on  July  3,  1916,  showed  one  loose  body  still  in  the  posterior  com- 
partment (Fig.  306).  The  plate  was  shown  to  the  patient  and  he  was 
advised  to  return  for  the  removal  of  the  body  if  he  had  any  further 
trouble. 

The  etiology  is  the  most  interesting  phase  of  the  subject  under  discus- 
sion. Osteochondromatosis  b  not  limited  to  the  knee-joint.  I  have 
seen  two  cases  in  which  the  elbow-joint  was  involved.  Both  were  oper- 
ated on.  Riedel  reports  one  case  in  which  the  wrist-joint  was  involved; 
Rehn,  one  of  the  elbow-joint;  and  Troell,  one  of  the  hip.  Reichel  re- 
corded the  removal  of  two  handfuls  of  loose  bits  of  cartilage  from  the 
knee  of  a  man  aged  thirty-six  years.  Since  the  articular  surfaces  of  the 
tibia,  femur,  and  patella  were  normal,  he  considered  that  the  capsule 
was  the  source,  but  that  inflammatory  reaction  was  the  exciting  agent. 
The  appearance  of  the  synovia,  according  to  hb  description,  was  similar 
to  that  of  the  case  herein  reported.  Kopp,  in  an  excellent  article,  re- 
ports three  such  cases,  with  a  discussion  of  the  etiology  that  is  both  in- 
teresting and  clear. 

The  theory  of  Barth,  KOnig,  and  Ludloff,  regarding  the  production 
of  loose  bodies,  is  that  trauma  is  the  important  factor,  though  there 
may  be  an  idiosyncrasy  in  some  persons  toward  the  formation  of  loose 
bodies,  as  in  osteochondritis  dissecans.  Beichel,  as  I  have  before  men- 
tioned, is  of  the  opinion  that  the  whole  pathologic  condition  in  the  joint 
is  due  to  some  inflammatory  process,  but  Kopp  and  others  find  no  sup- 
port for  this  theory.  On  emhryologic  grounds  Lexer  advances  the 
theory  that  embryonic  rests  of  cartilage  remain  which  are  responsible 
for  the  production  of  such  bodies.  MUller  believes  that  the  line  of  de- 
marcation between  the  periosteum  and  capsule  is  the  site  of  the  ori^n 
of  these  bodies.  Kopp  and  Langemak  are  of  the  opinion  that  they  arise 
from  the  capsule  itself.  Kopp  says  he  finds  the  proliferation  "exclu- 
sively in  the  synovia  just  under  the  epithelial  layer." 
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It  also  might  be  considered  as  not  improbable  that  many  osteal  and 
chondromatous  cells  are  forced  into  the  joint  fluid  at  the  time  of  the 
original  injury,  such  as  was  sustained  by  the  patient  whose  history  is 
presented  in  this  paper.  Certain  of  such  cells  might  coalesce  and  grow, 
producing  finally  many  good-sized  loose  bodies.  However,  this  theory 
would  not  adequately  account  for  the  pedunculated  <!ondition  of  the 
synovia,  with  many  of  the  synovial  excrescences  covered  with  cartilage. 

From  a  clinical  point  of  view,  loose  bodies  may  be  produced  in  the 
knee-joint  in  any  one  of  three  ways: 

1.  In  a  normal  healthy  knee-joint  direct  trauma,  such  as  falling  on  a 
hard,  rough  substance  with  the  knee  flexed,  may  be  the  cause.  The 
object  on  which  the  person  forcibly  kneels  may  strike  the  internal  con- 
dyle of  the  femur  with  sufficient  foree  to  chip  off  a  piece  of  the  cartilage, 
and  possibly  a  piece  of  the  underlying  spongy  bone.  This  may  imme- 
diately desiccate  or  hang  for  a  varying  length  of  time,  and  later  become 
a  lo438e  body.  The  roentgenogram  usually  shows  the  scarring  of  the 
condyle,  and  the  loose  body  occasionally  may  be  seen  resting  in  this  spot. 
There  being  no  history  in  these  cases  of  an  idiosyncrasy  to  form  loose 
bodies,  it  may  be  assumed  that  they  are  truly  the  result  of  trauma. 

i.  Another  group  of  cases  is  known  as  osteochondritis  dissecans. 
Trauma,  not  necessarily  direct  and  often  most  trivial  in  character,  is  a 
definite  factor  in  these  cases  also.  For  some  unknown  reason,  a  com- 
paratively mild  trauma  to  these  joint  surfaces  that  are  unnaturally 
brittle  will  cause  a  certain  area  to  desiccate  and  become  a  loose  body. 
KOnig  had  a  theory  that  in  some  way  the  arteriole  to  an  area  on  the  outer 
side  of  the  internal  condyle  at  the  insertion  of  the  posterior  crucial  liga- 
ment becomes  plugged,  and  this  area,  deprived  of  its  nutrition,  sloughs 
off  to  wander  in  the  joint.  In  many  ways  this  theory  seems  the  most 
plausible.  Bodies  formed  in  this  manner  may  be  multiple;  however, 
they  do  not  usually  exceed  two  or  three  in  number.  In  not  a  few  in- 
stances I  have  seen  the  condition  in  both  knees.  The  roentgenogram, 
if  taken  at  the  right  angle,  here  also  shows  the  scarring  of  the  joint  sur- 
faces. I  have  never  seen  these  bodies  arise  except  from  the  condyles 
(usually  the  internal)  of  the  femur. 

3.  Osteochondromatosis  forms  a  smaller  group  of  cases  in  which  the 
bodies  are  in  greater  numbers  and  cannot  be  accounted  for  by  the  con- 
ditions in  either  of  the  foregoing  groups.  In  the  case  described,  the 
findings  at  operation  pointed  to  a  synovial  origin,  as  advanced  by  Kopp, 
Langemak,  and  Whitelocke.     Kopp  holds  that  these  bodies  start  as  os- 
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teomas  and  not  osteochondromas,  because  in  his  cases  no  cartilage  was 
found  about  the  smaller  bodies.  He  explains  the  cartilage  on  the  larger 
bodies  on  the  ground  that  they  originated  near  the  point  where  the  syno- 
via is  reSected  from  the  cartilage  ends  of  the  bone. 

Whitelocke  believes  that  fibrous  tags  hanging  from  the  synovial  mem- 
brane become  cartilaginous,  and  that  the  development  of  fibrous  tissue 
into  cartilage  is  due  to  the  fact  that  the  early  development  of  the  synovial 
membrane,  the  articular  and  interarticular  cartilages  of  the  knee-joint, 
are  all  from  the  same  primitive  embryonic  intermediate  layer  of  the 
axial  blastema. 

In  the  case  I  am  reporting  there  was  a  history  of  severe  trauma  at  the 
onset.  Whether  this  is  always  to  be  elicited  in  cases  that  may  be  called 
osteochondromatosis,  I  cannot  say.  In  the  cases  reported  by  Kopp 
{three  in  number),  there  was  a  history  of  trauma  in  two— one  very 
slight,  the  second  more  severe.  In  the  third  there  was  no  history  of 
trauma.  It  is  evident  that  it  is  some  condition  in  the  synovial  mem- 
brane which  leads  to  the  formation  of  the  osteocartilaginous  bodies.  I 
have  seen  a  like  condition  in  the  knee  of  a  man  who  had  a  tumor  of  the 
lower  end  of  the  femur.  The  roentgenogram  revealed  also  multiple 
loose  bodies  in  the  knee-joint.  The  specimen  removed  from  the  femur 
at  operation  showed  the  tumor  to  be  the  osteochondroma  type,  the  cells 
not  appearing  malignant.  In  this  instance  the  synovial  membrane  of 
the  joint  apparently  was  participating  in  the  new  growth.  The  synovia 
was  hypertrophied  and  pouched.  In  places  the  pouches  were  pedun- 
culated, with  the  tips  becoming  cartilaginous;  some  were  of  good  size, 
being  larger  than  a  pea.  The  new-growth  from  the  bone  had  already 
broken  through  into  the  joint  by  way  of  the  internal  condyle,  forming 
an  exostosis  in  the  joint  cavity  itself.  After  operation  the  tumor  rapidly 
recurred  and  increased  in  size.  A  second  specimen  showed  a  mix-celled 
sarcoma,  and  amputation  was  performed.  When  the  patient  was  dis- 
missed, the  roentgenogram  showed  metastasis  in  the  lungs.  He  was 
greatly  emaciated  and  clearly  had  not  long  to  live. 

It  may  well  be  that  osteochondromatosis  is  a  form  of  new-growth 
which  is  not  malignant.  This  theory  is  more  tenable  than  that  the  con- 
dition is  due  to  infection. 
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TRENCH  FOOT* 
(A  Review  of  the  Literature  of  the  Etiology  and  Pathology) 

L.    B.    WILSON 


Definition. — Trench  foot  is  the  new  name  of  the  well-known  condi- 
tion of  chilblains  and  frozen  feet.  Essentially  it  consists  of  various  de- 
grees of  stasis  of  blood  in  the  feet,  due  to  several  causes,  of  which  cold 
b  the  predominating  factor. 

History'. — In  civil  life,  chilblains  and  frost-bite  are  common  in  all 
cold  countries,  particularly  among  new  arrivals  who  are  not  acclimated 
and  who  have  not  yet  learned  how  to  take  care  of  themselves.  In  mili- 
tary service  every  army  fighting  in  unfamiliar  cold  and  wet  climates 
since  war  began  has  suffered  from  the  condition.  In  modern  times  the 
first  good  general  description  of  frosted  feet  is  that  by  Baron  Larrey, 
Napoleon's  chief  surgeon,  in  1813,  His  observations  were  extensive 
and  his  deductions  as  to  the  cause,  the  essential  pathology,  and  the  prin- 
ciples of  treatment  have  been  but  little  improved  on  in  a  hundred  years. 
In  the  Crimean  war  frost-bite  was  very  prevalent  among  the  English 
troops, — more  than  2000  men  being  invalided  therefor, — while  the 
French  suffered  in  still  larger  numbers  as  well  as  more  severely.  Though 
our  Civil  War  was  fought  in  a  relatively  warm  climate  by  soldiers  who 
wore  loose  trousers  without  leggings  and  many  of  whom,  as  civilians,  had 
been  accustomed  to  take  proper  care  of  themselves  in  severe  outdoor 
conditions,  yet  the  Medical  and  Surgical  History  of  the  War  of  the  Re- 
bellion contains  records  of  many  amputations  of  the  toes  and  feet  for 
gangrene  following  frost-bite.  The  Balkan  wars  were  largely  wars  of 
movement  rather  than  position,  yet  hundreds  of  cases  of  frost-bite  were 
reported  in  the  Turkish,  Bulgarian,  Greek,  and  Servian  armies.  The 
present  war,  except  for  the  first  few  months,  and  especially  on  the  French 
and  Belgian  fronts,  has  been  a  war  of  position  to  a  greater  extent  than 
any  previous  conflict.  It  has  been  fought  largely  in  water-soaked 
1,  1917.     Reprinted  from  the  Bull.  Internal.  Med. 
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trenches,  almost  or  quite  freezing  cold  in  winter,  by  men  with  bandaged 
legs  and  with  little  freedom  of  movement.  As  a  result,  it  has  yielded  a 
perfectly  appalling  number  of  temporary  and  permanent  disabilities 
from  trench  foot.  During  the  winter  of  1914-1915  a  number  of  British 
observers  each  reported  from  100  to  nearly  5000  different  cases.  Out 
of  160  patients  admitted  to  the  British  Red  Cross  Hospital  at  Boulogne, 
France,  in  one  evening,  HO  cases  were  of  frost-bite  alone,  and  many 
of  them  were  stretcher  cases.  Preventive  measures  during  the  last  two 
winters  have  reduced  the  number  considerably,  and  yet  hundreds  <^ 
cases  probably  will  be  reported  in  1918,  The  prospects  are  that  the 
highest  percentage  will  be  among  our  own  men — the  newest  comers 
in  France — -unless  vigorous  preventive  measures  are  taken  at  once. 

Predisposing  factors. — The  predisposing  factors  of  long  standing  are 
conditions  of  enfeebled  circulation  and  lack  of  acclimatization  to  cold. 
Underfeeding,  especially  a  lack  of  hydrocarbons  and  carbohydrates, 
diarrheas,  loss  of  sleep,  and  the  excessive  use  of  tobacco,  as  noted  by 
Fearnsides,  are  all  important  predisposing  factors  in  so  far  as  they  affect 
the  amount  or  quality  of  the  circulating  blood.  Lack  of  acclimatiza- 
tion to  cold  has  been  noted  as  an  important  predisposing  factor  by  a 
number  of  observers.  One  medical  officer  with  a  large  experience  re- 
ports that  approximately  half  his  cases  came  from  five  regiments  re- 
cently returned  from  India,  Egypt,  and  Malta,  a  percentage  more  than 
five  times  that  from  other  regiments  under  similar  conditions.  The 
possibility  of  inuring  the  surface  of  the  body  to  cold  was  well  illustrated 
among  the  North  American  Indians  prior  to  civilization.  Many  Chip- 
pewa children  played  naked  in  the  snow,  and  their  elders  hunted  in 
winter  with  little  or  no  clothing,  in  northern  Minnesota,  within  the  mem- 
ory of  men  still  living.  The  bare  legs  of  Highlanders  and  the  eicposed 
throats  and  chests  of  women  are  similar  illustrations.  Any  portion  of 
the  skin  of  the  body  may  be  gradually  made  a^  resistant  to  cold  as  is  the 
face,  the  only  conditions  being  that  too  targe  a  surface  shall  not  be  ex- 
posed for  too  long  a  time,  that  the  supply  of  heat -producing  food  shall 
be  large,  and  that  vigorous  muscular  activity  shall  be  maintained. 

Immediate  causes.— Th^  immediate  causes  of  trench  foot  are  all  those 
factors  which  tend  directly  to  produce  blood-stasis  in  the  feet.  The 
chief  of  these  is  cold.  Lake  has  shown  that  the  reduction  of  the  soft 
tissues  of  the  human  body  to  a  temperature  of  —6  C.  (equals  +21  F.) 
or  lower  produces  true  freezing  and  direct  damage  to  the  tissues  by  cell 
destruction.     Degrees  of  cold  above  this  critical  temperature  only  pro- 
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duce  their  ill  effects  by  vasomotor  paralysis.  Most  of  the  cases  of  trench 
foot  in  the  present  war  have  occurred  at  temperatures  above  freezing, 
^d  this  has  accounted  in  a  large  measure  for  the  early  confusion  in 
identifying  the  condition  as  parallel  in  all  its  pathology  with  true  frost- 
bite. Wet  clothes  rapidly  extract  heat  from  the  body.  During  the 
first  winter  of  the  war  many  soldiers  stood  for  hours  or  even  for  several 
days  in  cold  mud  and  water,  commonly  up  to  their  ankles,  and  not  in- 
frequently up  to  their  knees  and  hips,  with  no  protection  other  than  that 
of  their  ordinary  uniforms.  Under  such  circumstances  the  abstraction 
of  heat  from  the  extremities  is  extremely  rapid  and  the  consequent  vaso- 
motor disturbances  very  great. 

Waller  and  Rideal  lay  emphasis  on  the  prolonged  action  of  water  on 
the  skin.  They  state  that  "workers  in  paper  manufactories  who  stand 
in  several  inches  of  warm  water  and  paper  pulp  for  a  day  at  a  time  have 
symptoms  similar  to  those  of  fishermen  and  otter  hunters  who  stand  for 
several  hours  in  cold  water."  Since  they  found  experimentally  that  salt 
water  has  less  effect  on  the  skin  than  fresh  water,  and  that  recovery  is 
more  rapid,  they  recommend  the  prophylactic  use  of  an  ointment  of 
lard  or  tallow  with  4  to  10  per  cent  of  sea-salt. 

Besides  cold  and  wet,  probably  the  most  important  immediate  factor 
in  the  causation  of  trench  foot  is  the  absence  of  muscular  contractions. 
Osier  has  written  a  brief  article  entitled  "  Cold-bite -|- Muscle- inert  ia  = 
Trench  Foot,"  in  which  he  notes  that  "the  disabling  effects  of  cold  bit« 
are  inevitable  in  feet  attached  to  legs  whose  muscles  have  not  play 
enough  to  maintain  circulation  hampered  by  cold  and  wet." 

The  mechanical  pressure  due  to  tight  puttees,  leggings,  and  shoes  is  a 
large  causative  factor.  That  crime  against  common  sense,  the  spiral 
puttee,  shrinking  as  it  does  as  much  as  one-sixth  its  length  when  wet, 
especially  has  had  many  victims.  The  effect  of  tight  shoes  is  shown  by 
necroses  and  gangrene  over  areas  where  they  have  brought  pressure, 
though  it  must  be  noted  that  the  same  areas  are  apt  to  be  most  affected 
even  when  not  subjected  to  external  preaaure. 

Hughes  says  that  the  usual  position  the  men  assume  in  the  trenches 
while  sitting  on  the  firestep  with  their  legs  hanging  over  and  feet  un- 
supported, thus  bringing  considerable  pressure  over  the  popliteal  space 
and  impeding  the  return  of  blood  along  the  popliteal  vein,  may  be  an 
important  immediate  causative  factor. 

Finally,  however,  it  is  of  utmost  importance  to  recognize  that  the 
chief  demonstrable  lesions  in  the  affected  tissues  and  those  which  are 
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K^ransibie  for  the  pain,  swelling,  discoloration,  ulceration,  and  gangrene 
of  the  feet  are  not  due  to  primary  injury  from  the  cold,  but  to  the  too 
sudden  reSstablishment  of  the  circulation,  with  its  resultant  paralytic 
dilatation  of  the  vessels,  intense  exudation,  and  circulatory  stasis  leading 
to  malnutrition. 

Symptoms. — Lawson  says  the  cases  may  be  divided  clinically  into 
those  in  which  there  is  something  to  see  with  little  or  nothing  com- 
plained of,  and  those  in  which  there  is  nothing  to  see  but  a  varying 
amount  complained  of.  In  the  first  group  are  conditions  varying  from 
mere  hyperemia  of  the  skin  to  actual  sloughing  of  the  subcutaneous 
tissue.  In  the  second  group  there  are  sensory  phenomena — paresthesia, 
hyperesthesia,  hyperalgesia,  analgesia,  and  anesthesia.  Externally, 
three  degrees  of  severity  may  be  recognized :  first,  a  transitory  erythema, 
usually  disappearing  rapidly;  second,  the  formation  of  blisters  beneath 
which  necrotic  areas  of  skin  often  exist,  and  in  which  ulcers  sometimes 
develop;   and  third,  gangrene. 

The  chief  complications  are  those  due  to  infection  with  pyogenic 
cocci,  gas  or  tetanus  bacilli.  Raymond  and  Parisot  believe  that  a  large 
share  of  the  more  complicated  symptoms  are  of  raicrobic  origin.  They 
have  isolated  an  organism,  which  they  find  chiefly  in  the  purulent  layer 
of  the  vesicles,  which  injected  into  the  skin  of  the  rabbit  and  guinea-pig 
gives  rise  to  lesions  similar  to  those  exhibited  in  man. 

Diagnosis. — Ordinarily  the  condition  is  readily  diagnosed  from  the 
appearance  of  the  affected  limb,  though,  as  has  been  noted  above,  there 
are  cases  in  which  little  is  to  be  seen.  Soldiers  so  affected  must  be  dis- 
tinguished from  malingerers  whose  "cold  feet"  are  merely  a  mental 
state. 

Pathologic  anatomy.— The  blood  stasis  due  to  cold  begins  as  ao  an6- 
mia,  followed  by  hyperemia,  exudation,  capillary  hemorrhages,  vesica- 
tion, malnutrition,  and  gangrene.  Though  the  general  pathology  of 
frost-bite  has  been  clear  for  many  years,  the  investigations  of  Smith, 
Ritchie,  and  Dawson,  Lake,  and  others  have  materially  increased  our 
knowledge  of  the  histologic  conditions  present.  The  first-named  obser- 
vers conducted  a  series  of  experiments  on  rabbits  in  which  they  showed 
that  the  exposure  of  the  rabbit's  feet  to  cold  mud  sets  up  conditions 
parallel  to  those  in  trench  foot.     They  found  further  that: 

"Two  turns  of  adhesive  plaster  around  the  limb  greatly  increases 
the  amount  of  edema,  and  that  when  the  tissues  had  been  damaged  by 
exposure  to  cold,  edema  was  rapidly  set  up,  or,  if  already  present,  was 
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greatlv'  increased  by  placing  the  animal's  feet  in  water  at  a  temperature 
of  37  C.  (98.6  F.).  The  histologic  examination  of  the  tissues  of  the 
feet  showed  that  the  chief  effect  was  on  the  blood-vessels.  In  these 
there  were  dilatation  of  the  lumen,  swelling  of  the  endothelium  of  the 
intima,  and  vacuolation  in  the  muscle-fibers  of  the  media.  There  was 
also  increase  in  the  number  of  cells  of  the  perivascular  tissue.  There 
was  no  evidence  of  thrombosis  in  the  vessels.  The  lymphatic  vessels 
in  some  cases  were  unaltered;  inothers,  they  were-dilated;  and  in  others 
they  were  filled  with  masses  of  cells  and  fibrin.  In  the  tissue  spaces  the 
chief  changes  noted  were:  (a)  Swelling  and  separation  of  the  fibrils  of 
the  collagen  bundles;  in  some  areas  where  the  fibers  were  widely  dis- 
sociated they  were  undergoing  solution  in  the  exudate;  (b)  among  the 
bundles  there  was  a  copious  deposit  of  fibrin  in  the  form  of  granules  or  of 
a  network  of  beaded  filaments.  Fibrin  granules  and  threads  were  also 
seen  inside  some  of  the  blood-vessels  and  lymphatics;  (c)  in  cases,  es- 
pecially where  edema  had  been  present  for  some  time,  there  was  an 
abundant  diffuse  infiltration  of  the  tissue  with  leukocytes;  (d)  in  cases 
where  the  foot  was  subjected  to  warm  water,  the  congestion  was  fol- 
lowed by  a  diffuse  infiltration  with  red  corpuscles;  in  some  cases  this 
passed  into  actual  hemorrhage — the  damaged  blood-vessels  giving  way 
under  the  strain  of  the  congestion  caused  by  the  warmth. 

"Generally  a  few  staphylococci  were  found  in  the  tissues  of  the  feet. 
These  were  probably  derived  from  the  skin.  While  they  increased  in 
number,  they  had  not  acted  in  any  way  as  foci  of  inflammation.  Their 
presence  in  the  tissue  was  probably  a  sign  of  the  devitalizing  effect  of  the 
cold. 

"The  changes  in  the  nerves  consbted  in  the  edematous  swelling  of 
•  the  axis-cylinders,  and  this  seemed  to  be  merely  a  part  of  the  general 
edema  of  the  foot  or  ankle. 

"The  changes  noted  in  the  voluntary  muscles  consisted  of  a  modifica- 
tion in  their  staining  reaction,  loss  of  striation,  and  in  cases  of  longer 
duration,  infiltration  with  leukocytes,  and  a  slight  deposit  of  fibrin  l>e- 
tween  the  fibers.  In  muscles  which  had  been  actually  frozen,  these 
changes  were  more  advanced. 

"The  regional  lymph-glands  were  enlarged  from  dilatation  of  the 
sinuses  and  hypertrophy  of  the  follicles.  The  sinuses  contained  fibrin 
deposited  in  the  form  of  granules  and  threads,  and  in  the  network  formed 
by  these  were  lying  red  corpuscles,  polymorphs,  and  proliferated  endo- 
thelial «lls.     There  was  no  evidence  of  the  presence  of  micrococci." 
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Their  general  conclusions  are : 

"  It  is  clear  from  experimental  investigations  that  the  essential  change 
consists  in  the  damage  to  the  blood-vessels.  There  is  probably  an  initial 
constriction  of  the  vessels,  hut  when  this  passes  off  it  is  because  of  their 
damaged  condition  that  the  swelling  of  the  feet  occurs  while  the  circula- 
tion is  being  restored  to  normal.  The  damage  is  evidenced  by  the  swell- 
ing of  the  endothelial  cells  in  vessels  of  all  kinds  and  by  the  vacuolation 
of  the  muscle-fibers  in  the  arterial  walls.  An  excessive  amount  of  fluid 
is  consequently  poured  out  into  the  tissues,  and  in  some  cases  the  vessels 
rupture  and  hemorrhage  follows.  Along  with  the  injury  to  vessels  there 
is  also  an  interference  with  the  vitality  of  the  cells  of  the  siuroiuiding 
connective  tissues.  Evidence  of  this  is  found  in  the  readiness  with 
which  the  fibrin  formation  occurs  in  the  exuded  fluid  as  contrasted  with 
its  absence  in  the  form  of  thrombi  in  the  blood-vessels.  Further  evi- 
dence of  injury  is  the  infiltration  of  the  parts  with  leukocytes  and  other 
phagocytic  cells  whose  function  is  the  removal  of  the  products  of  tissue 
destruction. 

"If  the  results  of  our  experiments  on  the  application  of  moderate 
wet  cold  for  long  periods  be  compared  with  what  we  observed  as  the 
result  of  very  low  temperatures  acting  for  a  short  time,  it  will  be  found 
that  no  difference  except  in  degree  exists  between  the  effects  produced  in 
the  two  cases.  When  extreme  cold  does  not  immediately  kill  the  tis- 
sues, the  resultant  changes  are  practically  identical  with  those  of  the 
longer  application  of  the  milder  irritant. 

"The  relatively  greater  effect  of  wet  cold  as  compared  with  that  of 
dry  is  no  doubt  due  to  the  fact  that  water  is  a  much  better  conductor  of 
heat  than  air. 

"All  our  clinical  observations  can,  we  think,  be  rationally  inter- 
preted in  the  light  of  our  experimental  results.  The  swelling  and  red- 
ness are  essentially  the  effects  of  an  injury  to  the  vessel-walls,  which, 
when  the  circulation  is  restored,  originates  what  is  in  essence  an  inflam- 
matory reaction;  the  unusual  resistance  of  the  edema  to  pressure  is 
evidence  of  the  presence  of  a  semisolid  fibrinous  deposit;  the  slighter 
degrees  of  blackening  of  the  skin  arise  from  diffuse  interstitial  hemorrhage 
from  the  injured  vessels,  such  as  we  have  experimentafly  produced — its 
evanescence  is  corroborative  of  its  not  being  an  evidence  of  true  gangrene; 
the  supervention  of  superficial  or  deep  ulceration  is  an  indication  of  the 
presence  of  a  cellular  necrobiosis  which,  if  severe  in  degree,  may  go  on  to 
cellular  or  even  gross  necrosis;  the  slowness  of  the  recovery,  even  when 
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actual  necrosis  is  not  present,  points  to  the  occurrence  oF  a  regeneration, 
such  as  our  observation  of  experimental  lesions  would  lead  us  to  antici- 
pate; the  limitation  of  the  nervous  symptoms  to  the  region  of  actual 
inflammation  has  its  explanation  in  the  absence  of  deSnite  nerve  changes 
in  the  artificial  lesions,  and  leads  us  to  attribute  these  symptoms  chiefly 
to  the  external  and  secondary  effects  of  the  exudation, 

"The  nature  of  the  changes  produced  sufficiently  explains  the  slow- 
ness of  the  recovery  in  man.  For  this  to  be  complete,  not  only  must 
there  be  subsidence  of  the  swelling,  but  there  must  be  a  restoration  of  the 
vessel-walls  so  that  they  can  bear  the  strain  of  the  changes  in  the  circu- 
lation which  take  place  in  ordinary  forms  of  activity,  e.  g.,  walking. 
There  must  be  also  a  clearing  of  exudates  from  the  lymphatic  paths,  and 
both  processes  require  time.  Hence  it  is  only  found  that,  even  when  the 
swelling  has  disappeared,  pain,  tenderness,  and  disturbance  of  feeling 
still  persist;  the  patient  is  unable  to  walk  about  freely,  and  any  applica- 
tion of  warmth  to  the  feet  tends  to  bring  back  the  symptoms." 

Lake,  from  a  recent  series  of  experiments  on  the  effect  of  cold  upon 
tissues  under  various  conditions,  concludes  that: 

"In  the  production  of  trench  foot  cold  must  be  considered  the  es- 
sential factor,  other  factors  being  either  secondary  or  subsidiary." 

"  The  use  of  vasoconstrictors  delays  the  swelling  in  cases  of  true  frost- 
bite, while  in  cases  of  chilling  the  exhaustion  may  be  entirely  prevented." 

Treatment. — The  first  treatment  applied  to  trench  foot,  if  improper, 
may  cause  so  much  tissue  damage  and  so  much  suffering  that  its  con- 
sideration is  extremely  important.  The  main  principle  of  treatment  has 
been  for  years  a  matter  of  common  knowledge.  Our  only  wondw  is  at 
the  fact  that  some  army  medical  officers  have  disregarded  the  principle. 
It  was  happily  stated  by  Gross  as  long  ago  as  1859.  He  says:  "The 
great  indication  is  to  recall  the  affected  parts  gradually  to  their  natural 
condition  by  restoring  circulation  and  sensibility  in  the  most  gentle  and 
cautious  manner,  not  suddenly  or  by  severe  measures.  All  warm  appli- 
cations, whether  dry  or  moist,  are  scrupulously  refrained  from;  the  pa- 
tient must  not  approach  the  fire,  immerse  his  limbs  in  warm  water,  or 
even  be  in  a  warm  room." 

Though  every  school-child  in  the  cold  Northwest  knows  that  he 
should  rub  his  frosted  ears  with  snow  rather  than  hold  them  to  the  fire, 
hundreds  of  men  with  trench  foot  were  told  by  their  medical  officers,  as 
well  as  their  line  officers,  to  warm  their  numbed  feet  at  the  fire  or  to 
wash  them  with  warm  water.  In  an  article  published  as  late  as  June, 
1915,  in  the  London  Lancet,  a  surgeon  writes: 
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"The  feet  should  be  well  covered  with  voluminous  dressings  of  cot- 
ton-wool. The  wool- should  be  four  or  five  layCTs  deep,  loosely  and 
thoroughly  envelop  the  whole  of  the  foot,  and  extend  up  the  leg  beyond 
the  area  of  pain  and  tenderness."  Numerous  other  authors  advocated 
the  use  of  various  forms  of  hot  baths,  stimulating  local  applications,  and 
manipulations  and  general  medication  (including  the  administration  of 
thyroid  extract!),  all  having  for  their  object  the  rapid  restoration  of 
circulation  in  the  affected  limbs.  In  May,  ldl5,  Sir  Berkeley  Moynifaan 
in  a  brief  note  vigorously  called  attention  to  the  importance  of  leaving 
off  dressings.  He  said:  "Parts  affected  should  be  smeared  with  some 
ointment,  covered  with  a  thin  layer  of  gauze,  the  feet  raised  a  few  inches 
from  the  bed  upon  a  hard  pillow,  and  the  lower  part  of  the  l^s  and  feet 
covered  in  bed  only  by  a  sheet.  Pain  is  almost  exactly  proportionate  to 
the  degree  of  warmth  of  the  foot.  The  relief  of  pain  should  be  our  chief 
consideration." 

The  treatment  of  complications,  infections,  gangrene,  etc.,  should  be 
along  ordinary  lines  and  needs  no  comment  here  except  a  warning  to 
surgeons  not  to  be  too  hasty  in  advising  amputations.  It  is  a  common 
experience  that  many  frozen  feet  in  which  gangrene  has  developed  to  an 
apparently  hopeless  degree  may  be  saved  by  giving  nature  a  chance. 
The  skin  and  subcutaneous  tissues  may  slough  off  slowly  and  leave  very 
good  feet,  with  or  without  subsequent  skin-grafting. 

Prognoaia. — In  cases  of  mild  and  moderate  severity  patients,  if  prop- 
erly treated  initially,  get  completely  well  of  themselves,  but,  even  in  mild 
cases  with  bad  primary  treatment,  they  are  left  with  permanent  hyper- 
sensitiveness  (chilblains)  and  a  tendency  to  recur  with  subsequent  slight 
chilling.  The  changes  in  the  vessels  of  the  legs  may  be  so  great  that 
chronic  ulcers  persist  for  years  following  amputations  of  the  feet  for 
gangrene. 

Prevention. — Preventive  measures  obviously  are  to  be  directed  to 
keeping  the  extremities  warm  and  the  blood  circulating  in  them.  The 
British  Army  Routine  Order  Xo.  353,  of  November  8S,  1914,  gives  the 
following  precautions: 

"1.  Boots  should  not  fit  tightly;  should  at  least  be  a  size  too  large. 
When  large  boots  are  worn,  it  is  well  to  wear  two  pairs  of  socks,  but  this 
is  dangerous  if  the  boots  are  small,  as  it  leads  to  further  pressure  on  the 
foot.     Puttees  should  never  be  applied  tightly. 

"2.  The  general  circulation  can  be  kept  up  by  keeping  the  body 
warm  and  dry.  A  mackintosh  sheet  worn  over  the  great-coat  is  of 
assistance  when  no  water-proof  is  available. 
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"8.  A  dry  pair  of  socks  should  be  carried  in  the  pocket  when  avail- 
able, 

"4.  The  officer  should  see  that  dry  standing  is  provided  in  the 
trenches  whenever  possible  by  means  of  drainage,  raising  of  the  foot 
level  by  facines  of  brush,  wood,  or  straw,  with  boards  on  top,  or  by  the 
use  of  pumps,  when  these  are  available," 

Recently  the  more  permanent  trenches  in  many  cases  have  been 
floored  with  latticed  foot-walks — so-called  duck-boards. 

Leggings  and  puttees  under  conditiona  of  cold  and  wet  should  be 
abandoned.  There  is  no  doubt  that  the  soldiers  in  our  Civil  War  es- 
caped frosted  feet  to  a  very  great  degree  because  they  wore  loose  fitting 
trousers  and  the  circulation  was  unimpeded  by  tight  clothing  around 
their  ankles.  The  Swiss  soldiers,  trained  in  a  country  with  much  snow 
and  ice,  wear  no  leggings  or  puttees,  but  loosely  overlap  and  button  the 
cuffs  of  their  trouser  legs  near  the  ankle.  The  northern  lumberjack, 
working  throughout  the  winter  in  deep  snow  in  extremely  cold  weather, 
wears  two  or  three  pairs  of  woolen  socks  in  loosely  laced  shoes,  but  rolls 
up  or  cuts  off  the  legs  of  his  trousers  well  above  the  shoe-tops.  Tradi- 
tion in  lumber  camps  has  developed  a  system  of  foot  protection  mar- 
velously  efficient.  The  lumberjack  takes  more  time  to  dress  his  feet 
in  the  morning  than  he  does  to  dress  the  rest  of  his  body.  His  shoes  and 
socks  are  carefully  dried  every  night.  His  boots,  with  heavy  rubber 
bottoms  and  well-oiled  eight-inch  leather  tops,  are  excessively  oversize. 
When  his  feet  are  numb,  he  kicks  and  dances.  If  they  are  frosted,  he 
takes  off  his  shoes  and  socks  and  walks  in  the  snow.  As  a  result  of 
these  precautions  frosted  feet  are  almost  unknown  in  the  northern 
lumber  camps. 

Delepine,  as  the  result  of  extensive  experiments,  recommended  in 
ISlo  the  use  of  leg-bags  of  silk,  waterproofed  with  oxidized  linseed  oil, 
for  protection.  These  are  worn  over  the  socks  inside  the  boot  and  inside 
the  trousers.  Many  thousands  of  these  have  been  issued  to  the  British 
troops.  In  Germany  the  Special  Military  Committee  for  Warm  Under- 
clothing, formed  at  the  suggestion  of  the  Empress,  has  sent  to  the  sol- 
diers thousands  of  yellow,  oiled,  and  waxed  paper  covers  to  go  on  the  foot 
inside  the  boot.  While  I  have  seen  no  detailed  report  on  the  use  of 
either  the  English  oiled-silk  bags  or  the  German  waxed  paper  leg-bags, 
it  is  probable  that  they  have  proved  only  temporarily  impervious  to  the 
water,  and  that  when  once  water  does  get  into  them  and  soaks  the  con- 
tained socks  and  underclothing,  they  give  practically  no  protection 
from  the  cold,  being  themselves  fairly  good  conductors  of  heat. 
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Covering  the  feet  and  the  legs  with  grease,  such  as  tallow,  linseed 
oil,  vaselin,  etc.,  is  a  common  preventive  measure  against  wet  and  cold. 
Lumberjacks,  when  long  exposed  to  ice-cold  water  while  river-driving 
logs,  not  infrequently  paint  their  feet  and  legs  with  zinc  oxid  paint. 
Such  preparations  serve  to  a  very  limited  extent  only  as  non-conductors, 
and  act  chiefly  in  preventing  maceration  of  the  skin,  with  consequent 
constriction  of  the  surface  capillaries. 

Both  clinical  experience  and  animal  experiments  have  shown  that 
prolonged  exposure  to  moderate  degrees  of  cold  and  wet  is  quite  as  bad 
as  short  exposure  to  extreme  degrees.  Therefore,  the  length  of  service 
of  soldiers  in  the  trenches,  if  possible,  should  be  shortened  when  their 
feet  are  wet  and  cold.  Soldiers  in  trenches  must  be  encouraged  to  keep 
the  muscles  of  their  limbs  moving  as  much  as  possible  when  their  feet 
are  cold  and  wet,  thus  greatly  aiding  circulation.  Hughes,  by  insisting 
that  the  men  of  his  regiment  should,  when  resting  at  night,  lie  with  their 
feet  on  the  firestep,  cut  down  his  cases  of  trench  foot  to  a  negligible 
quantity. 

Heat-producing  food  must  be  provided  in  as  large  quantities  and  in 
as  appetizing  and  digestible  condition  as  possible. 

Men  should  be  warned  of  the  danger  of  the  overindulgence  in  tobacco, 
since  it  paralyzes  the  nerve-ends  of  the  vasomotor  nerves. 

The  whole  matter  may  be  summed  up  in  the  three  directions:  Keep 
the  feet  as  warm  and  dry  as  possible  and  keep  good  blood  circulating  in 
them.  If  overcbilling  does  occur,  reestablish  circulation  slowly  and  not 
by  warm  applications. 

An  excellent  article  just  published  by  "A  Military  Observer"  re- 
prints the  leaflet  issued  by  the  British  army  on  "Chilled  Feet  and  Frost- 
bite," as  follows: 

"Experience  in  the  worst  part  of  the  line  shows  that  where  effective 
preventive  measures  are  taken,  the  so-called  trench  foot  does  not  occur. 
The  occurrence  of  even  a  single  case  in  a  battalion  is  therefore  a  reproach 
to  the  unit  concerned.  The  following  preventive  measures  will  be 
adopted  forthwith: 

"1.  Fool  Preparation  Rooms. — Each  brigade  will  provide  rooms  in 
which  the  feet  of  men  will  be  washed  in  tepid  water  and  rubbed  before 
proceeding  for  a  tour  of  duty  in  the  trenches.  The  A.  D.  M.  S.  will 
provide  personnel  for  supervision  of  these  rooms. 

"2.  Drying  Rooms. — Each  brigade  will  arrange  for  rooms  in  which 
clothing,  socks,  and  puttees  can  be  thoroughly  dried  and  dry  socks  pro- 
vided on  the  return  from  trenches. 
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"3.  Provision  of  Dry  Socks. — A  pair  of  dry  socks  for  each  man  will 
be  sent  to  the  trenches  with  the  rations  daily.  Wet  socks  will  be  sent 
back  to  transport  lines  by  ration-carrying  parties.  Socks  will  be  sent 
up  in  waterproof  boxes  or  bags. 

"4.  Fitting  of  Socks. — Socks  must  not  fit  tightly  and  should  be  in- 
spected as  carefully  as  boots. 

"5.  Care  of  Ankle  Boots. — Company  officers  will  see  that  the  follow- 
ing precautions  are  taken  regarding  boots:  (a)  Sound  laces  will  be  pro- 
vided to  facilitate  taking  off  of  boots,  as  knotted  laces  delay  or  prevent 
removal,  (b)  Boots  will  be  dubbened  outside  to  keep  out  wet.  (c) 
Boots  will  be  fitted  loosely,  (d)  Boots  will  be  laced  loosely,  (e)  Boots 
will  be  kept  in  good  repair. 

"6.  Care  of  Gum  Boots. — Brigades  will  make  arrangements  for  the 
drying  of  gum  boots.  Officers  commanding  will  be  responsible  that  gum 
boots  are  properly  stored  when  not  in  use.  They  must  not  on  any  ac- 
count be  left  on  the  ground  outside  dugouts. 

"7.  Care  of  Puttees. — Puttees  must  always  be  applied  loosely,  and 
when  they  become  wet,  must  be  taken  oS  and  reapplied,  as  they  shrink 
on  becoming  soaked  with  Water. 

"8.  Removal  of  Boots  in  the  Front  Line  rrcncAes.— Platoon  com- 
manders must  arrange  for  each  man  to  take  off  his  boots  at  least  once  in 
twenty-four  hours.  A  scheme  will  be  worked  out  for  men  to  do  so  in 
rotation,  even  if  it  is  necessary  to  sit  on  the  parados  at  night. 

"9.  Stamping  Exercises. — Circulation  will  be  kept  up  by  stamping 
when  possible  and  keeping  the  men  employed  in  various  ways.  Noth- 
ing is  more  conducive  to  trench  foot  than  standing  about. 

"  10.  Personnel  for  Supervision  of  Preventive  Measures. — Regimental 
stretcher-bearers  will  assist  company  commanders  in  the  supervision  of 
preventive  measures,  and  two  men  per  platoon  will  be  trained  by  regi- 
mental medical  ofHcers  in  foot  massage.  On  relief  after  a  spell  in  the 
trenches  these  men  will  be  sent  ahead  to  rest  and  be  prepared  to  start 
operations  as  their  platoon  arrives. 

"A  trained  masseur  of  the  R.  A.  M.  C.  will  start  a  course  of  instruc- 
tion of  foot  massage  for  regimental  stretcher-bearers  forthwith. 

"11.  Hot  Food  and  Drinks. — The  provision  of  hot  food  and  drink  is 
of  first  importance  in  the  prevention  of  the  conditions  which  predispose 
to  trench  foot. 

"Officers  commanding  will  arrange  for  their  men  to  have  at  least  two 
hot  meals  a  day;  for  preference,  one  in  the  middle  of  the  day  and  one 
between  midnight  and  5  o'clock  a.  m.  Food  containers  of  the  Thermos 
variety  are  available,  and  should  be  used  to  the  fullest  extent.  They 
can  be  readily  supplemented  by  petrol  tins  placed  inside  a  double- 
chambered  wooden  box  with  a  layer  of  sawdust  between  the  two  boxes. 
Two  two-gallon  petrol  tins  used  in  this  way  will  give  64  men  half  a  pint 
of  hot  soup  or  cocoa  each. 

"12.  Transport  Lines. — Men  working  in  the  wet  transport  lines  of 
'17—47 
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the  Ypres  salient  require  coosideration  only  next  to  that  of  men  in  the 
trenches. 

"Transport  officers  will  see  that  the  precautions  outlined  above  are 
carefully  observed. 

"  IS.  Anti-froat-bite  Grease  and  Whale  Oil. — All  ranks  must  clearly 
understand  that  the  grease  or  oil  supplied  is  merely  a  lubricant  to  facili- 
tate rubbing  of  the  feet.  The  grease  has  no  inherent  quality,  and  merely 
smearing  the  feet  is  worse  than  useless.  The  feet  must  be  rubbed  until 
all  grease  or  oil  has  disappeared  and  they  are  quite  dry. 

"  14.  Feet  Inspection. — Platoon  commanders  must  be  made  to  realize 
that  the  condition  of  their  men's  feet  b  as  important  as  the  condition  of 
their  rifles,  and  that  feet  inspections  are  just  as  essential  in  trench  war- 
fare as  m  marching  tests.  A  good  platoon  commander  should  be  as 
familiar  with  the  condition  of  his  men's  feet  as  he  is  with  the  cleanliness 
of  their  ri6es." 

Trench  Shin 

Though  most  observers  describe  the  condition  commonly  known  as 

"trench  shin  "as  part  of  the  syndrome  of  "trench  fever,"  Chambers  has 

attempted  to  differentiate  it  therefrom.     For  the  present,  however,  the 

discussion  must  be  left  to  those  personally  familiar  with  the  condition. 
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THE  TREATMENT  OF  ELEPHANTIASIS  BY  THE 
KONDOLEON  OPERATION* 

W.    E.    SISTRUNK 

Several  years  ago  Kondoleon,  of  Greece,  described  an  operation  which 
will  probably  occupy  an  important  position  in  the  future  surgical  treat- 
ment of  lymphatic  obstruction.  His  report  of  the  results  obtained  by 
the  method,  and  the  case  reports  which  have  been  published  by  several 
surgeons  in  this  country  who  have  used  it  (Matas,  Royster,  Hill,  and 
others),  have  been  sufficiently  encouraging  to  make  it  appear  that  relief 
may  now  be  offered  to  many  patients  of  a  class  which  formerly  has  failed 
to  respond  to  the  other  methods  of  treatment. 

Until  this  method  was  suggested  we  did  not  possess  any  means  of 
satisfactorily  dealing  with  many  patients  suffering  with  elephantiasis  and 
lymphedema,  and  in  certain  instances  we  had  been  compelled  to  resort 
to  amputation  in  order  to  relieve  such  patients  of  the  pain  and  discom- 
fort accompanying  these  conditions.  The  operation  which  Kondoleon 
has  suggested  is  a  safe  and  simple  one,  and  it  is  to  be  hoped  that  it  will 
stand  the  test  of  further  usage  and  prove  itself  to  be  a  means  whereby 
we  may  successfully  deal  with  these  stubborn  conditions. 

Prior  to  1B08  operations  in  which  the  large  arteries  were  ligated  and 
others  in  which  large  amounts  of  edematous  fat  and  hypertrophied  skin 
were  removed  had^been  used  but  with  poor  success.  In  1908  Handley 
suggested  a  method  of  operating  for  lymphedema  of  the  arm  secondary 
to  cancer  of  the  breast  which  he  termed  lymphangioplasty.  His  opera- 
tion consisted  in  the  placing,  subcutaneously,  from  the  wrist  to  the  nor- 
ma) skin  around  the  axilla  and  shoulder,  of  long  strands  of  silk.  This 
was  done  with  an  idea  of  having  these  strands  act  as  setons  to  drain 
the  fluids  from  the  swollen  arm  into  normal  tissues.  His  preliminary 
report  was  encouraging,  but  later  the  operation  was  proved  to  be  un- 
satisfactory and  now  is  seldom  used. 
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Lanz,  in  1911,  reported  the  result  obtained  by  a  new  type  of  opera- 
tion which  he  had  performed  on  a  patient  suffering  with  idiopathic 
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elephantiasis.  His  operation  consbted  in  making  a  long  incision  in  the 
thigh,  exposing  the  femur,  and  trephining  this  bone  at  several  points. 
Strips  of  fascia  were  then  carried  down  through  the  muscles  and  inserted 
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into  the  openings  previously  made  in  the  femur  and  the  wound  closed 
without  drainage. 

In  1012  Kondoleon,  in  a  series  of  papers  in  which  he  gave  credit  to 
bath  Handley  and  Lanz  for 

-  the  work  they  had  done 

"I  in  this  connection,  reported 

1^  seven  cases  of  lymphatic 

^1  obstruction  in  which  the 

■  B  patients  had  beenoperated 

1-=  on  by  the  method  now  bear- 

^_  ing  his  name.     The  opera- 

I ;  tion  was  based  on  sound 

'3J  reasoning.  He  realized  that 

^1  the   superficial   and  deep 

B's  lymphatics  were  distinctly 

■2 1  separated  by  the  aponeuro- 

!*■  sis  covering  the  muscles. 

J^  His  studies  had  shown  that 

d           l|  the  edema  in  such  patients 

""          iJ  "*^  usually  limited  to  the 

•          *sj  subcutaneous  tissues  and 

"-■          E I  fat  lying  between  the  skin 

■ri           si  and  aponeurosis.     By  re- 

i          -=j  moving   portions    of    the 

"t          1^  aponeurosis  he   hoped  to 

i          ^1  connect     the     superficial 

■J           I'f  lymphatics  with  those  of 

i  g  the  deep  group,  and  in  this 

'  t  way  obtain  drainage  of  the 

Is  superficial  structures. 

i-^  In  the  group  of  cases 

■B I  which  he  reported  various 

J|  types   of    lymphatic    ob- 

(-  ■  struction  are  to  be  found. 

~  Four  of  his  patients  had 

,!j  developed  trouble  follow- 
ing infections:  one  follow- 
ing the  removal  of  the  inguinal  lymph-glands;  another  was  a  patient  with 
idiopathic  elephantiasis,  and  the  last  one  a  patient  with  an  edema  of  the 
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arm  secondary  to  a  carcinoma  of  the  breast  which  had  been  removed  and 
had  later  recurred  in  the  axilla.  The  results  he  obtained  in  this  group 
of  cases  were  uniformly  good. 


The  technic  of  his  operation  is  as  follows:   Ixing  incisions  are  made 
along  the  inner  and  outer  aspects  of  the  affected  limb,  and  through  each 
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of  these  a  large  slice  of  edematous  fat  is  removed.  The  aponeuroMS  is 
then  opened,  and  a  portion  of  it,  three  or  four  fingers  in  width,  is  excised. 
The  wounds  are  closed  without  drainage  in  such  a  way  that  the  skin 
with  the  fat  attached  to  it  comes  in  contact  with  the  exposed  muscles 
(Figs.  307-311). 

I  shall    report    herein   three  cases   in  which    the  operation  was 


done  according  to  Kondoleon's  method.  Each  of  the  operations  was 
done  in  a  different  type  of  obstruction.  In  two  enough  time  has  not 
elapsed  to  show  what  the  end  result  will  be,  but  marked  improvement 
has  followed  the  operation  in  both  cases. 

Case  41167. — A  female,  aged  twenty-one  years,  with  the  congenital 
type  of  elephantiasis  of  the  left  leg  which  had  been  present  since  she  was 
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one  and  a  half  years  of  age.     When  first  seen  in  the  Mayo  Clinic,  the 
patient  was  fifteen  years  old.     At  that  time  there  was  a  tremendous  en- 
largement of  the  left  foot,  leg,  and  thigh,  and  a  marked  thickening  of  the 
skin  covering  these.     In  August,  1911,  according  to  Handley's  method, 
one  silk  strand  was  placed  on  the  outer  and  one  on  the  inner  aspect  of 
the  leg,  from  the  ankle  to  the  region  of  the  left  groin.     The  patient  re- 
turned six  months  later  without  improvement— in  fact,  the  enlargement 
had  increased.     In  February,  1912,  a  double  silk  strand  was  placed  sub- 
cutaneously  on  the  outer  and  inner  aspects  of  the  leg.  and  the  inner  of 
these  strands  was  extended   upward  into  the  fat  of  the  abdominal 
w^all,  while  the  outer  strands  were  car- 
ried as  high  as  the  left   axillary  line. 
The  condition  remained  unchanged  until 
her  return  more  than  four  years  later. 
At  this  time — December,  1916 — an  op- 
eration of  the  Kondoleon  type  was  done, 
first  on  the  outer  side  of  the  leg  and  about 
one  month  later  on  the  inner  side.     The 
improvement  was  marked  from  the  be- 
ginning, and  at  the  time  of  her  discharge, 
March,  1917,  the  leg  was  much  smaller 
than  before  the  opteration.     Letters  re- 
ceived since  the  patient  returned  home 
indicate  that  the  leg  has  continued  to 
diminish  in  size  (Fig.  312). 

Case  170799. — A  female,  aged  twenty 
years,  with  elephantiasis  nostras.  The 
history  was  negative  until  she  was  eleven 
years  of  age,  when  there  was  a  severe  in- 
fection following  vaccination  on  the  left     ^    Fw.sit.— (irorw.)  ThrMmooUiiiho 

arm.         After     the  vaccination     wound  donron  theJwwI.klfotlhf  b«ii<l;ndlhe 

,      ,      ,  ,.    .                    .,  ivrllinil  hu  rrmunTd  unrhintlnl  *hilF  tbr 

healed  she  was    in  good    condition  until  *nn  hu  rrtumHl  dmax  lo  nana*].    1 11- 

,                              t      f  -          1       il_       /-'I-     -  loriuiuilely,  no  photojirapb  wu  tmkeu  in  this 

two  years  before  coming  to  the  Clinic.      rii>cbf(<>mhTO[K»iiDn. 
At  this  time  swelling  of  the  left  hand  had 

developed  and  had  slowly  progressed  until  the  forearm  and  arm  were 
involved  in  the  process.  She  had  many  attacks  of  erythema  in  the 
swollen  portion.  The  history  and  findings  in  this  ease  have  been  re- 
ported in  detail  by  Dr.  Joseph  A.  Elliott.  At  the  time  of  our  examina- 
tion the  patient  presented  a  dilTuse  swelling  of  the  arm,  forearm,  and 
hand.  The  swelling  was  more  marked  in  the  hand,  and  gradually  di- 
minished up  to  a  point  a  few  inches  below  the  acromion  process.  It  also 
involved  the  proximal  phalanges  of  the  fingers.  There  was  a  definite 
thickening  of  the  skin.  July  13,  1917,  an  operation  of  the  Kondoleon 
type  was  performed,  through  incisions  five  or  six  inches  long  on  the  an- 
terior and  posterior  surfaces  of  the  arm  and  forearm.     No  incisions  were 
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made  on  the  hand.  Considerable  improvement  followed  in  the  arm 
and  forearm,  but  the  condition  in  the  hand  remained  stationary.  Some 
swelling  also  remained  about  the  elbow.  A  second  operation  was  done 
September  29,  I9I7,  at  whieh  time  two  incisions  were  made  on  the  dorsal 
surface  of  the  hand  and  one  on  each  of  the  lateral  surfaces  of  the  elbow. 
Multiple  incisions  were  also  made  on  each  proximal  phalanx  of  the  fingers. 
Although  but  a  short  time  has  elapsed  since  the  last  operation,  the  im- 
provement has  been  quite  noticeable  (Fig.  314). 

Case  206558. — A  female,  aged  fifty-one  years,  with  lymphedema  of 
the  left  arm  following  amputation  of  the  breast  with  removal  of  the 
axillary  glands.  The  wound  had  not  been  infected.  Two  months  after 
the  operation  the  arm  began  to  swell,  growing  slowly  but  progressively 
worse  and  involving  the  dorsal  surface  of  the  hand,  the  forearm,  and  the 
arm  nearly  as  high  as  the  shoulder- joint.  There  was  do  thickening  of 
the  skin.  September  1,  1917,  a  Kondoleon  type  of  operation  was  done. 
Long  incisions  were  made  on  the  outer  and  inner  aspects  of  the  arm  and 
forearm  from  a  point  a  few  inches  below  the  shoulder- joint  down  to  the 
wrist;  also  two  incisions  were  made  on  the  posterior  surface  of  the  hand. 
The  swelling  in  the  hand  and  arm  decreased  at  once,  and  at  present  (two 
and  a  half  months  after  the  operation)  they  are  almost  normal  in  size. 
There  has  been  also  marked  improvement  in  the  forearm,  but  some 
swelling  is  still  present.  Should  this  persist,  it  is  possible  that  further 
benefit  might  be  derived  through  the  excision  of  more  of  the  aponeurosis 
{Fig.  313). 
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THE  PREPARATION  OF  CYANAMID* 

A.    E.    OSTERBERG   AND    E.    C.    KENDALL 


In  the  course  of  work  undertaken  in  the  chemical  laboratory  of  the 
Mayo  Clinic  it  became  necessary  to  prepare  considerable  quantities  of 
cyanamid  in  the  free  base  form.  The  existln;;  methods,  particularly 
those  having  as  a  starting-point  thiourea'  or  calcium  cyanamid,*  were 
tried  and  subsequently  abandoned  because  of  the  tedious  procedures  and 
poor  yields  obtained.'  Attempts  were  therefore  made  to  modify  the 
method,  using  calcium  cyanamid  as  a  starting-point.  The  method  of 
treating  calcium  cyanamid  with  aluminum  sulphate'  was  found  to  give 
low  yields  because  of  the  slight  solubility  of  calciura  cyanamid  necessi- 
tating many  extractions  of  the  starting  material.  In  order  to  overcome 
this  objection  calcium  cyanamid  was  treated  with  dilute  sulphuric  acid. 
This  method,  however,  yielded  variable  results.  Carbonic  acid  was 
then  tried  in  place  of  sulphuric.  It  was  found  unnecessary  to  dissolve 
the  calcium  cyanamid  in  water  before  treatment.  Simply  allowing  the 
carbon  dioxid  to  bubble  through  an  aqueous  suspension  of  calcium  cyan- 
amid results  in  its  almost  quantitative  decomposition.  A  method  by 
which  cyanamid  may  be  easily  obtained  in  a  high  state  of  purity  is  de- 
scribed here  in  the  hope  that  it  may  be  of  use  to  others. 

The  starting  material  was  calcium  cyanamid,  furnished  by  the  Baker 
Chemical  Company,  having  a  total  nitrogen  content  of  30  per  cent. 
The  yield  was  55  gm.  of  pure  cyanamid  per  200  gm.  of  the  calcium  salt. 
This  corresponds  to  a  yield  of  92  per  cent  of  the  theoretic. 

J/rfAorf.^200  gm.  of  calcium  cyanamid  were  mixed  in  a  three-liter 
round-bottom  flask  witli  1500  c.c.  of  distilled  water.  Into  this  mixture 
COj  was  passed  until  a  neutral  or  only  slightly  alkaline  point  was  reached, 
as  determined  by  red  litmus.  The  flask  was  kept  immersed  in  cold 
water  as  the  reaction  causes  a  small  rise  in  the  temperature.  We  have 
observed  that  if  the  temperature  is  kept  below  40  C,  there  is  very  little 

n  Ocloljer  11,  1617.     Reprinlcil  Irom  the  Jour,  of  Biolog. 
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loss  of  the  ether-soluble  product  due  to  polymerization  to  dicyandiamid. 
The  length  of  time  necessary  to  precipitate  the  calcium  varies  with  the 
amount  of  agitation.  We  have  found  it  convenient  to  allow  the  pre- 
cipitation to  proceed  over  night,  agitating  but  little. 

The  precipitate  was  filtered  on  a  Buchner  funnel,  well  washed  with 
water,  and  the  filtrate  placed  in  a  three-liter  round-bottom  flask.  A 
small  amount  of  talcum  was  added  to  facilitate  boiling  and  the  solution 
was  concentrated  by  distillation  on  a  water-bath  in  vacuo.  The  distilla- 
tion* was  continued  until  the  remaining  solution,  when  cooled  under  the 
cold-water  tap,  formed  a  solid  crystalline  mass,  which  was  then  extracted 
three  times  with  absolute  ether.  The  ether  was  distilled  off  on  a  water- 
bath  and  the  remaining  solution  concentrated  over  sulphuric  acid  in 
vacuo. 

In  this  way  55  gm.  of  pure  cyanamid  were  obtained  in  the  form  of 
deliquescent  needles  melting  at  43  C.  (when  free  from  ether)  and  per- 
fectly soluble  in  ether. 

C»lcuUt«d  (or  Found 
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•  However,  if  a  higher  temperature  than  40  C.  is  required  to  drive  off  the  last  traces 
of  water  it  is  best  to  atop  at  this  point  and  remove  the  remaining  water  in  nmio  over  sul- 
phuric acid  after  the  ether  extraction.  This  may  lead  to  contamination  of  the  resulting 
product  with  dicyandiamid,  if  any  is  present,  as  dicyandiamid  is  soluble  in  a  cyatumid 
solution  in  ether.  However,  after  drying,  a  second  ether  extraction  will  remove  all 
dicyandiamid. 
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THE  EFFECT  OF  TRAUMA  ON  THE  LARYNGEAL 
NERVES    , 
AN  EXPERIMENTAL  STUDY* 
E.    S.   JUDD,   G.    B.    NEW,    AND    F.    C.    MANN 


From  time  to  time  a  complete  or  partial  paralysis  of  the  vocal  cords 
is  seen  following  thyroidectomy.  The  purpose  of  this  research  was  to 
determine,  if  possible,  the  cause  of  such  paralysis.  It  was  believed  that 
the  best  method  by  which  to  attempt  to  solve  the  problem  would  be  to 
study  the  effect  of  traumatic  procedures  on  the  recurrent  laryngeal 
nerves  in  dogs. 

The  method  of  experimentation  consisted  in  traumatizing  the  laryn- 
geal nerves  in  a  manner  similar  to  that  which  could  occur  in  an  operation, 
and  subsequently  to  study  the  function  of  the  vocal  cords.  The  results 
of  these  traumatic  procedures  can  only  be  applied  speci6cally  to  the  re- 
current laryngeal  nerves,  for  the  results  may  not  be  the  same  for  other 
nerves  of  a  difTerent  size  or  in  a  different  location. 

All  operations  were  done  under  ether  anesthesia,  employing  sterile 
technic.  The  various  operations  differed  only  in  regard  to  the  traumatic 
procedure  used.  On  the  day  following  the  operation  the  function  of  the 
cords  was  observed.  These  observations  were  subsequently  made  as 
frequently  and  over  as  long  a  time  as  seemed  necessary  in  each  individual 
experiment. 

The  function  of  the  vocal  cords  was  observed  by  direct  laryngoscopy 
without  an  anesthetic.  It  is  impossible  to  get  the  animal  voluntarily  to 
approximate  the  cords,  as  may  be  done  in  the  human  being,  but  their 
action  was  readily  observed  when  the  dog  attempted  to  make  a  noise. 
In  observing  complete  bilateral  cord  paralysis  in  the  dog,  inspiration 
frequently  causes  approximation,  but  this  is  easily  differentiated  from 
a  functionating  cord.  To  make  the  observation  free  from  all  personal 
bias  the  observer  made  notes  of  the  result  of  his  examination  without 
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knowledge  of  the  operation  performed  or  the  results  of  his  previous 
observations. 

Injuiy  to  the  recurrent  laryngeal  nerves  produces  some  general 
effects  which  should  be  noted.  The  severity  of  these  effects  depends 
on  whether  one  or  both  nerves  are  injured  and  also  the  anatomic  site  of 
injury.  Owing  to  the  fact  that  the  laryngeal  nerve  gives  off  branches 
to  the  trachea  and  esophagus,  the  results  of  injury  are  greater  when 
these  branches  are  also  involved,  that  is,  when  the  point  of  injury  is  at 
a  considerable  distance  from  the  larynx.  Usually  when  only  one  nerve 
is  involved,  the  general  results  are  not  marked. 

Complete  destruction  of  the  function  of  both  recurrent  laryngeal 
nerves  at  a  point  below  the  lower  poles  of  the  thyroid  of  the  dog  results 
in  some  inability  of  the  animal  to  swallow  properly,  a  total  loss  of  voice, 
and  sometimes  dyspnea.  In  most  cases  very  little  effect  on  the  ability 
of  the  animal  to  swallow  was  noted.  The  voice  was  always  lost,  although 
in  many  instances  the  animal  was  able  to  produce  various  sounds. 
Many  of  the  animab  suffered  from  dyspnea  continuously,  while  most  of 
the  others  could  be  made  dyspneic  from  exertion.  This  result,  which 
differs  from  that  observed  in  man,  is  probably  due  to  the  fact  that  the 
paralyzed  cords  tend  to  fall  inward  on  inspiration  in  the  dog  and  to 
form  pockets  laterally.  This  acts  like  a  valve,  and  in  extreme  cases 
the  air  will  be  completely  shut  off.  The  faster  and  harder  the  animal 
attempts  to  breathe,  the  greater  the  difficulty  of  passing  air  into  the 
trachea.  Many  of  the  dogs  could  not  exert  themselves  in  the  least 
without  inducing  the  greatest  dyspnea  and  in  some  eases  cyanosis. 

The  effect  of  pinching  was  studied.  The  nerves  were  picked  up  at 
various  points  of  their  course  and  pinched  once  with  a  hemostat  in  a 
manner  similar  to  that  necessary  to  stop  hemorrhage  from  a  small 
vessel.  In  every  instance  in  which  a  nerve  was  pinched  the  correspond- 
ing vocal  cord  was  paralyzed.  In  all  animals  that  lived  long  enough 
the  function  of  the  cord  was  later  fully  restored.  The  time  necessaiy 
for  the  restoration  of  the  function  depended  on  the  anatomic  point  at 
which  the  nerve  was  pinched.  l^Tien  the  trauma  was  applied  to  the 
nerve  at  its  entrance  into  the  larynx,  the  function  of  the  cord  was  found 
to  be  restored  as  early  as  thirty  days  after  operation;  when  the  nerve 
was  pinched  below  the  lower  pole  of  the  thyroid,  sixty  days  elapsed 
before  the  cord  functionated  normally. 

Three  kinds  of  suture  material  were  used  to  study  the  effect  ot  liga- 
tion, linen,  chromic  catgut  Nos.  1  and  2,  and  plain  catgut  No.  1.     The 
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nerves  were  ligated  with  about  the  same  tension  used  in  ligating  small 
vessels.  Every  cord,  where  the  nerve  was  ligat«d,  was  paralyzed,  and 
in  no  instance  was  recovery  noted,  although  in  the  majority  of  experi- 
ments the  observations  were  carried  on  long  enough  for  regeneration  to 
have  occurred.  It  seems  that  all  suture  material  produces  enough  per- 
manent obstruction  to  prevent  regeneration  in  a  nerve  as  small  as  the 
laryngeal.  At  necropsy  this  obstruction,  due  to  the  suture  material  or 
the  reaction  to  it,  could  be  definitely  located  grossly. 

Several  of  the  nerves  were  sectioned  and  allowed  to  drop  back  into 
their  original  position.  The  cords  paralyzed  by  the  procedure  never 
recovered.  Some  of  these  nerves  were  examined  at  necropsy,  and  the 
ends  were  found  to  be  as  far  apart  as  0.5  cm. 

Three  methods  were  employed  to  stretch  the  nerves.  In  some  in- 
stances a  hemostat  was  placed  under  both  nerves,  and  traction  was 
applied  for  a  definite  length  of  time,  which  varied  from  ten  to  thirty 
minutes.  In  other  experiments  small  retractors  were  placed  on  each 
side,  below  the  lower  pole  of  the  thyroid,  and  traction  outward  was  made 
for  a  definite  length  of  time.  In  the  latter  case  the  nerve  itself  was  not 
disturbed.  Finally  the  nerve  was  dissected  free  for  a  considerable 
length,  and  after  splitting  one  of  the  muscles  of  the  neck,  the  nerve  was 
sutured  around  it  in  such  a  manner  as  to  place  it  on  tension.  In  all 
instances  the  stretching  was  more  severe  than  would  occur  during 
operation,  and  by  the  first  two  methods  produced  paralysis  in  only  one 
case.  It  is  possible  that  this  was  due  to  trauma  at  the  time  of  exposure 
and  not  to  the  stretching.  When  the  nerves  were  stretched  over  mus- 
cles, paralysis  occurred  more  frequently,  but  this  also  was  due  probably 
to  the  operative  trauma  and  not  to  the  stretching. 

In  several  animals  the  nerves  were  dissected  free  for  several  centi- 
meters (explored).  In  some  cases  paralysis  followed,  probably  due  to 
the  trauma  incident  to  freeing  the  nerves. 

In  four  experiments  the  superior  laryngeal  nerves  were  sectioned. 
Subsequent  examination  of  the  vocal  cords  did  not  reveal  any  impair- 
ment of  function. 

The  table  gives  the  data  in  an  abbreviated  form.  Many  of  the 
experiments  were  ended  prematurely  because  of  an  epidemic  of  dis- 
temper. 
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4M-16 

Pinched  right  nerve 

flOO-16 

Pinched  both  nerves 

511-16 

Pinched  right  nerve 

«18-16 

Pinched  right  nerie 

fit>8-16 

Pinched  both  nerves 

59»-!fl 

Pinched  both  nerves 

600-16 

Pinched  both  nerves 

611-16 

Pinched  left  nerve 

851-16 
854-16 

Pinched  left  nene  at 
level  of  lower  pole  of 
thyroid.  Pfncbed 
right  nerve  5  em. 
below  point  at  which 
left  was  pinched 

Pinched  right  nerve 

869-16 

Rnehed  right  nerve 

664-16 
736-16 

738-16 

Knched  both  nerves 
no«r  lower  pole  of 
thyroid 

Pinched  right  nerve 
below  level  of  lower 
pole  of  thyroid; 
pinched  left  nerve 
just  below  point  of 
entrance  into  larynx 

Pinched  both  nerves 

at  entrance  to  Inryni 

7*0-16 

Pinched  right  nerve 

741-16 

Knched  both  nerves 

Complet«  paralysis.    No  rettoration  of  function  at  the 

end  of  IT  days 
Complete  paralysis.     Function  of  left  cord   restored 

within  40  days;  function  of  right  cord  normal  within 

Complete   paralysis.    No   restoration  of  function  on 

fourth  day 
Complete  paralysis.    No  restoration  of  function  within 

Complete  paralysis.    No  restoration  of  function  within 

10  days 
Complete  paralysis.    Function  fully  restored  within  50 

Complete  paralyws.     Function  fully  restored  50  days 

after  operation 
Complete  paralysis.    Function  fully  restored  48  days 

after  opemtion 
Complete  paralysis.    Function  of  left  cord  restored  49 

days  after  operation;  rightwasati"   ''  ' -'  '        ' 

It  completely  regenerated  later 


Complete  paralysis.     No  restoration  of  function  at  end 

of  twenty-second  day 
Complete  paralysis.    No  restoration  of  function  within 

18  days 
Complete  paralysis.     Function  restored  within  43  days 


Complete  paralysis.     Function  of  right  eord   not  re- 
stored withb  26  days;   function  of  htt  about  half  re- 


paralysed  1;  left  cord  normal;   tbirty-thira  day  right 

cord  normal 
Complete  paralj'sis.     No  restoration  of  function  within 

24  days 
Complete  paralysis.     No  restoration  of  function  within 


T4S-16 
1«-17 


ligated  both  m 
legated  both  ni 


Complete  paralysis, 
marked  dyspnea, 
within  3«0days 

Complete  paralysis. 
32  days 

Complete  paralysis. 

e««dBj-s 


No  restoration  of  function  within 
No  restoration  of  function  within 
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Table  Sbowino  the  Besvi-tb  or  Expebiments  o 

(J  TUB  Effbct  or  Traumatic  Pbo- 

'i:r 

""•cJ'X'-'gi; 

nwim 

R.™ 

SOS- 16 

50*- le 

Ugated  right  nen-e 
Ligated  both  nerves 

Complete  paralysis 
318  days 

371  dayj 

Complete  pwalysis 

110  days 
Complete  paralysis 

18  days 

No  restoralio 

D  of  runction  within 
n  of  function  within 

SOS- 16 
506-16 

Ugated  right  T 
Ligated  right  n 

*"'* 

No  restoratio 
No  restonitio 

n  of  function  «ithin 
n  of  functbn  within 

611-16 

Ligated  right  r 

ene 

No  restoratio 

n  of  function  within 

613-16 
865-16 

Ugated  right  r 
Ligated  right  « 

lene 

No  restoratio 
No  restoratio 

n  of  function  within 
n  of  function  within 

ExrEW- 

"— "-LSr— " 

Rbvlt. 

«»-16 

Ugated  both  nerves 

Complete  paralysis. 
16  days 

Complete  paralysis. 
S7S  days 

75  days 
c»p;.yp.„„.u. 

S0«-16 
503- 16 

Ugated  right  nerve 
Ligated  left  uer^e 

No  restoration  of  function  within 
No  restoration  of  function  within 

665-16 

Ligated  left  nerv-e 

No  restoration  of  function  within 

BxTai- 

»,„™  ,..,..„, 

^,™ 

499-16 

Sectioned  rii^l  nerve 

Complete  paralysis. 
837  days 

868  days 

'TC  ■"""•■" 

Complete  paralysis. 

11  days 
Complete  paralysis. 

««  days 
Complete  paralysis. 

90  days 
Complete  paralysU. 

7  days 

Norestora 

ion  of  funcUoD  within 

509-16 
510-16 

Sectioned  right  nerve 
Sectioned  left  nerve 

No  restora 

ion  of  function  within 
ion  of  function  within 

511-16 

Sectioned  left  nerve 

No  restora 

ion  of  function  within 

518-16 
655-16 

sectioned  left  nerve 
Sectioned  left  nerve 

No  restora 
No  restora 

ion  of  function  within 
ion  of  function  within 

10-17 

Sectioned  right  nerve 

No  restora 

ion  of  function  within 

,    OpEHtnoN  IRmK' 


4S3-16     Resected  5  cm.  of  left 
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Table  Showing  the  Rebults 

OF-  EXPEBIHEKTO   ON 

THE  EiTECT  or  Trachatic  Pbo- 

CEDURBS  TO    THE   ReCURHKNT  LaHTNQEAL 

Nbbvbs— <Co«hna«f) 

r<»  Pmoo  •»  OrnATioH) 

Rmolii 

608-16 

lor   short   iDterval, 
probably  two  min- 

utm 

Cords  normal 

a09-18 

Stretched  left  nerve 

Cord  normal 

868-16 

Stretched  both  nervM 

660-16 

Stretched  both  nervM 

LetlcordparalywdS 

Right  coidnonnal.     Doth  cords 

for  twenty  minutes 

normal  within  18  daya 

lS-17 

tor  twenty  tninu  tea 

663-16 
651-10 
666-16 


Sutured  both  nervea 
around  muscles 

Sutured  left  nerve 
around  muscles 

Sutured  right  nerve 
around  muscles 


Complete  paralysii.     Function  restored  within  218  days 

Complete  paralysis.     No  restoration  of  function  within 

ii  days 
Cord  normal 


Emw- 

Ofeutioh  (Ekpumid) 

Rbclib 

SO*-lfl 

ExploKd  left  nerves 

Cord  normal 

610-16 

Explored  right  nen-e 

Complete  paralysis.    Did  not  recover  within  16  days 

663-18 

Explored  left  ner>-e 

Complete  paralysis.    Did  not  recover  within  18  days 

»-17 

Explored  both  nerves 

Complete  paralysis.     After  6  days  left  cord  patslyied  i: 
right  cord  complete;  after  10  (k}-slett  1,  nght  3:  after 

H  days  left  0.  K..  right  3;  after  *3  days  right  2.  Both 

cords  normal  on  eighty-ninth  day 

10-17 

11-17 

Explored  both  nerves 

Left  cord  normal;  right  paralyzed;  bloody  effusion  from 

CONCLUSIONa 

1.  Section  of  the  recurrent  laryngeal  ner\-e  produces  complete 
paralysis  of  the  vocal  cord  of  the  corresponding  side,  which  in  all  proba- 
bUity  will  be  permanent. 

2.  ligation  of  the  recurrent  laryngeal  nerve  with  linen,  chromic 
catgut,  or  plain  catgut  produces  complete  and  probably  permanent 
paralysis  of  the  vocal  cord  of  the  corresponding  side. 
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3.  StretchiDg  the  recurrent  laiyngeal  nerves  acutely  in  a  manner 
similar  but  of  longer  duration  and  intensity  than  occurs  in  operation  does 
not  impair  the  function  of  the  vocal  cord. 

4.  Stretching  the  recurrent  laryngeal  nerves  for  a  long  period,  a3 
over  muscles,  impairs  the  function  of  the  vocal  cords,  but  the  impair- 
ment is  probably  due  to  the  operative  trauma  and  not  to  the  stretching. 

5.  Pinching  the  recurrent  laryngeal  nerves  with  a  hemostat  in  a 
manner  similar  to  that  which  may  occur  in  an  operation  produces  tem- 
porary paralysis  of  the  vocal  cords.  Restoration  of  function  always 
occurs,  the  length  of  time  necessary  for  restoration  depending  on  the 
anatomic  point  at  which  the  nerve  was  crushed.  The  time  found  neces- 
sary for  complete  regeneration  of  the  nerve  when  injured  in  the  areas 
usually  traumatized  by  operation  varies  between  thirty  and  sixty  days. 

6.  Exploration  of  the  recurrent  laryngeal  nerves  produces  an  effect 
on  the  vocal  cords  depending  on  the  amount  of  trauma  to  which  the 
nerves  are  subjected.  Careful  dissection  will  probably  not  produce  any 
effect;  the  paralyses  noted  were  probably  owing  to  pinching  and  other 
traumatic  procedures. 

Pinching:  Number  of  nerves  jrincked,  2i.  All  cords  were  paralyzed. 
The  function  of  all  the  cords  in  which  the  nerves  were  pinched  at 
the  lower  pole  of  the  thyroid  was  restored  within  sixty  days.  When 
the  nerves  were  pinched  close  to  the  larynx,  the  function  of  the  cords 
was  found  to  be  restored  within  thirty  days. 

Ligation  with  chromic  catgut:  Number  of  nerves  ligated,  9.  All  cords  were 
paralyzed.  The  function  was  never  restored.  Longest  time  ob- 
served after  operation  was  371  days. 

Ligatioti  with  plain  catgut:  Number  of  nerves  ligaied,  G.  All  cords  were 
paralyzed.  The  function  was  never  restored.  Longest  time  ob- 
served after  operation  was  380  days 

Ligation  with  linen:  Number  of  nerves  ligaied,  i.  All  cords  were  para- 
lyzed. The  function  was  never  restored.  Longest  time  observed 
after  operation  was  372  days. 

Section:  Number  of  nerves  sectioned,  8.  All  cords  were  paralyzed.  The 
function  was  never  restored.  Longest  time  observed  after  opera- 
tion was  372  days. 

Resection:  Number  of  nerves  resected,  1.  The  cord  was  paralyzed.  The 
function  was  not  restored  after  160  days. 

Stretched  {acute):  Number  of  nerves  stretched,  9.  In  one  case  the  cord 
was  paralyzed.     No  paralysis  occurred  In  eight  cases. 
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Stretched  over  muscles:  Number  of  nenea  used,  Jf.  Three  cords  were 
paralyzed.  The  function  of  two  was  restored  within  forty-eight 
days;  the  third  was  still  paralyzed  on  twenty-second  day. 

Explored:  Number  of  nerves  explored,  8.  Three  were  not  paralyzed; 
three  were  paralyzed  and  remained  so  at  the  end  of  fifteen,  eighteen, 
and  nineteen  days  respectively.  The  function  of  one  was  restored 
in  fourteen  days;  the  function  of  another  was  partially  restored 
after  twenty-three  days. 
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The  specific  action  of  radium  on  vascular  tissues  has  been  known 
since  it  was  first  used  for  therapeutic  purposes.  Striking  results  from 
this  treatment  of  angioma  have  been  reported  in  the  literature  both  in 
this  countiy  and  in  France.  Small  quantities  of  radium  used  in  the 
treatment  of  superficial  angiomas  or  purplish  birthmarks  bleach  out  the 
condition,  and  leave  the  skin  almost  normal  in  appearance.  But  in  the 
treatment  of  this  type  of  lesions  extreme  care  is  required,  or  a  whitish, 
disfiguring  scar  is  produced.  Such  superficial  conditions  are  best 
treated  by  a  small  plaque  of  radium  kept  constantly  moving  over  the 
involved  area,  so  that  the  effect  of  the  radium  will  be  distributed  evenly 
over  it. 

Large  cavernous  angiomas  often  seen  about  the  face  and  scalp  in 
cbildreo  require  larger  quantities  of  radium.  It  may  be  used  in  tlie 
form  of  a  plaque  or  tube  properly  screened  and  elevated  from  the  tumor. 
When  emanations  are  available,  they  may  be  employed.  A  preferable 
method  of  treating  such  conditions,  however,  is  to  place  a  tube  of  radium 
in  a  rubber  finger-cot,  and  insert  it  directly  into  the  tumor.  In  using 
this  method  in  cavernous  angiomas  about  the  lips  and  cheeks  in  children 
ether  anesthesia  should  be  given.  A  small  incision  is  then  made  inside 
the  mouth  a  short  distance  from  the  angioma,  and  the  radium  inserted 
directly  into  the  tumor  through  a  channel  burrowed  with  a  small 
straight  forceps.  The  incision  is  closed  with  catgut.  When  the  work 
is  done  entirely  on  the  inside  of  the  mouth,  there  is  no  visible  scarring 
and  no  deformity  of  the  skin.  The  tumor  disappears,  leaving  a  normal 
condition.  In  young  children,  particularly,  such  a  method  is  prefer- 
able, as  the  radium  is  placed  where  it  is  needed,  and  kept  there  the 
necessary  length  of  time.  It  is  well  to  wait  two  or  three  months  between 
treatments  so  that  the  full  value  of  the  radium  may  be  seen  before 
n  May  5,  1917.     Rfprintcd  from  the  Jour. -Lancet,  1917, 
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further  treatments  are  given.    Angiomas,  in  young  children  particularly, 
respond  readily,  but  many  remarkable  results  are  seen  in  adults. 


Extensive  cavernous  angiomas  about  the  tongue  and  the  floor  of  the 
mouth,  involving  the  submental  and  submaxillary  regions,  are  best 
treated  by  the  cross-firing  method  from  the  inside  of  the  mouth  and  the 
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outside  of  the  neck.     In  this  way  many  conditions  that  are  hopeless 
from  a  surgical  standpoint  are  cleared  up. 
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The  following  cases  are  illustrations  of  the  use  of  radium  in  angiomas : 

Case  1  (111960). — H.  A.  C,  a  child  aged  five  months,  was  brought 
to  the  Clinic  August  3,  1014,  because  of  an  angioma  on  the  right  side  of 
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the  face.  The  tumor  was  noticed  at  birth,  but  its  color  had  deepened, 
and  it  had  grown  larger;  otherwise  the  child  appeared  to  be  quite 
normal.  Two  treatments  with  the  electric  needle  had  been  given  six 
weeks  previously.  The  right  side  of  the  face,  extending  from  above  the 
right  brow  and  including  the  entire  right  cheek,  was  larger  than  the  left 
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and  appeared  swollen.  On  the  right  cheek  was  a  dark-purplish  super- 
ficial angioma  (Fig.  315).  Five  deep  injections  of  hot  water  at  intervals 
of  six  weeks  to  three  months  were  gi\en  for  the  cavernous  angioma.  A 
5-mg.  plaque  of  radium  co\ered  with  a  finger-cot  was  applied  over  the 
entire  area  of  the  superficial  angioma  two  different  times,  for  six  and  six 
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and  one-half  hours,  respectively,  with  an   interval  of  three  months 
between  treatments.    The  second  photograph   (Fig.  316)  was  taken 


I 


February  14,  1915,  six  months  after  the  beginning  of  the  treatment. 
The  cavernous  part  of  the  angioma  had  entirely  disappeared,  as  had 
also  the  super&cial  angioma.     While  in  this  case  hot-water  injections 
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were  given  for  the  cavernous  part  of  the  condition,  we  have  found  in  a 
series  of  cases  that  radium  gives  much  better  results.  Fewer  treatments 
are  required,  and  they  are  less  painful. 


Case  2  (118722). — K.  F.,  a  child  aged  nine  months,  with  a  tumor  of 
the  left  cheek,  which  bulged  to  the  side  of  the  nose  and  upper  lip.was 
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examined  in  the  Clinic  November  11, 1914.  The  tumor  was  noticed  one 
week  after^birth.  Five  operations  from  the  outride  of  the  cheek  had 
been  done  in  attempts  to  reduce  the  tumor,  without  success.  The  tumor 
continued  to  grow  larger.  The  first  operation  was  done  when  the  child 
was  eleven  weeks  old.  Examination  showed  a  large  cavernous  angioma 
of  the  left  cheek,  which  was  much  scarred  from  the  operations  (Fig.  S17), 
Four  radium  treatments  were  given  between  April  1,  1915,  and  August 
4,  1916,  a  25-mg.  tube  of  radium  in  a  finger-cot  being  inserted  directly 
into  the  tumor  in  four  different  locations  over  the  face.  In  addition, 
a  5-mg.  plaque  of  radium  screened  with  a  finger-cot  was  used  in  two 
treatments.  It  was  kept  moving  over  the  tumor,  one  time  for  four 
hours  and  the  other  time  for  eight  hours.  The  photograph  (Fig.  318), 
taken  March  29,  1917,  shows  the  result  of  the  treatments.  The  scarring 
on  the  outside  of  the  cheek  is  due  to  five  operations.  This  scarring  is 
now  being  treated. 

Case  3  (150124).— L.  S.,  a  child  aged  four  and  one-half  months,  with 
a  large  cavernous  angioma  involving  the  entire  upper  lip  and  the  lower 
part  of  the  nose,  was  examined  in  the  Clinic  January  18,  1916.  The 
growth  was  noticed  three  or  four  days  after  birth,  but  it  had  gradually 
increased  in  size.  The  child  had  not  been  treated.  There  was  super- 
ficial ulceration  and  crusting  on  the  center  of  the  lip  (Fig.  319). 
January  21,  1916,  ^  25-mg.  tube  of  radium  in  a  rubber  finger-cot  was 
inserted  into  the  tumor  of  the  upper  lip  from  the  inside,  and  left  in  place 
twelve  hours.  The  child  was  not  seen  again  until  August  26,  1916, 
seven  months  later.     The  condition  at  that  time  is  shown  in  Fig.  320. 

Case  4  (176169). — J.  S.,  a  child  aged  four  months,  was  brought  to 
the  Clinic  October  24,  1916,  because  of  angioma  of  the  upper  lip.  The 
tumor  was  noticed  at  birth,  and  had  been  increasing  in  size.  It  had 
been  treated  by  injections  of  alcohol  once  a  week  for  six  consecutive 
weeks  with  no  improvement.  The  examination  showed  a  large  caver- 
nous angioma  involving  the  entire  length  of  the  upper  lip,  and  bulging 
the  lower  part  of  the  nose.  The  lip  was  one  inch  thick  in  the  center. 
There  was  also  a  marked  eczema  on  the  face  and  scalp  (Figs.  321 
and  322).  October  26,  1916,  a  25-mg.  tube  of  radium  in  a  rubber 
finger-cot  was  inserted  into  the  inside  of  the  upper  lip,  and  left  in  place 
eight  hours.  The  child  was  brought  back  February  1,  1917,  with 
the  lip  75  per  cent  better  than  when  first  examined.  A  22-mg.  tube 
of  radium  was  again  inserted  into  the  inside  of  the  lip,  and  left  in  place 
for  eight  hours.  When  next  examined,  April  10,  1917,  the  lip  was  quite 
normal  (Figs.  323  and  S24). 

The  use  of  radium  in  the  treatment  of  angioma  is  especially  grati- 
fying since  surgical  measures  are  of  little  value.  The  condition  usually 
recurs  following  any  operative  procedure,  and  the  scarring  that  results 
is  disfiguring  (Fig.  318).  In  my  experience  angiomas  have  not  recurred 
following  their  removal  with  radium. 
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Owing  to  the  indiscriminate  use  of  the  term  "shock,"  it  seems 
necessary  to  de6ne  the  meaning  of  the  word  as  applied  to  this  particular 
discussion.'  It  is  used  in  the  sense  that  the  surgeon  applies  it  when  a 
patient  develops  alarming  symptoms  during  or  immediately  following 
an  operation,  the  definite  cause  of  which  is  douhtful.  While  the  data 
and  conclusions  presented  are,  to  a  considerable  extent,  experimental 
in  origin,  they  may  also  be  applied  to  corresponding  clinical  conditions. 
The  two  points  of  paramount  importance  in  considering  the  subject  of 
shock  during  general  anesthesia  are  the  cause  or  the  causes  of  the  con- 
dition and  the  effect  of  the  anesthetic  in  either  preventing  or  accentuat- 
ing it.  Owing  to  the  general  use  of  ether  and  the  ease  with  which 
definite  tensions  may  be  administered,  it  was  the  only  anesthetic  used 
in  my  experiments,  and  all  the  conclusions  are  based  on  this  anesthetic. 

In  the  history*  of  the  subject  there  has  always  been  a  tendency  to 
ascribe  the  condition  of  shock  to  a  single  cause,  although  the  condition 
itself  and  the  circumstances  under  which  it  developed  have  been  quite 
varied.  This  tendency  in  all  probability  has  reached  its  zenith  and  it 
is  quite  probable  that  in  the  future  both  experimental  observers  and 
clinicians  will  study  the  subject  with  the  view  to  determine  the  cause  in 
each  individual  case.  It  is  my  purpose  to  discuss  here  the  different 
possible  causes  of  shock  during  anesthesia,  the  probable  physiologic 
mechanism  involved,  and  their  relation  to  ether  anesthesia. 

In  general,  surgeons  agree  that  the  most  common  cause  of  the  symp-  ' 
toms  of  shock,  either  as  a  primary  or  a  secondary  factor,  is  free  hemor- 
rhage.    Experimentally  this  has  also  been  found  to  be  true.     Many 
investigators  have  carefully  determined  and  reported  on  the  mechanism 
involved.     It  is  important  to  emphasize  the  points  that  all  persons  do 
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not  react  the  same  to  identical  losses  of  blood,  and  that  estimates  of  the 
amomit  of  blood  lost  dm'ing  operative  procedures  must  be  inaccurate. 
Further  insight  into  this  form  of  shock  awaits  our  more  complete  knowl- 
edge of  the  control  of  the  volume  of  blood.  It  should  be  noted  that  the 
reaction  following  hemorrhage  b  very  similar,  particularly  in  regard  to 
the  vasomotor  mechanism,  to  that  following  trauma  to  the  abdominal 
viscera.* 

The  only  uniform  and  certain  method  of  producing  shock  experimen- 
tally b  by  exposure  of  the  abdominal  viscera.  The  time  necessary  to 
expose  the  viscera  before  shock  develops  is  variable,  depending  on  many 
conditions.  Usually  a  state  of  deep  shock  takes  place  within  an  hour 
or  two.  Owing  to  the  fact  that  in  most  experimental  work  shock  has 
been  produced  by  exposure  of  the  abdominal  viscera  and  that  clinically 
most  cases  of  postoperative  shock  develop  after  abdominal  operations, 
more  is  known  concerning  thb  form  of  shock  than  any  other.  While 
the  mechanism  which  produced  the  condition  is  not  fully  understood, 
many  of  the  most  important  factors  are  known. 

Undoubtedly  the  cause  of  shock  produced  by  exposure  and  trauma 
of  the  abdominal  viscera  b  mainly  due  to  a  failure  of  the  venopressor 
mechanism,  as  enunciated  by  Henderson,*  although  in  all  probability 
loss  of  carbon  dioxid  is  not  the  primary  factor.  The  investigations  of 
Janeway  and  Ewing,*  my  own  experiments,  and  the  work  of  others' 
make  it  possible  to  follow  quite  clearly  the  process  by  means  of  which 
the  condition  of  shock  is  produced  when  the  viscera  are  exposed.  The 
process  b  as  follows; 

When  the  great  delicate  vascular  area  of  the  viscera  is  first  exposed 
to  the  air,  changes  of  temperature,  and  handling,  there  is  an  immediate 
dilatation  of  all  the  arterioles  in  the  exposed  area.  Rarely  a  short 
period  of  constriction  precedes  the  dilatation.  As  a  result  of  this  dilata- 
tion of  the  splanchnic  arterioles,  blood-pressure  decreases.  The  splanch- 
nic capillaries  and  veins  are  markedly  dbtended,  which  may  be  due  to 
one  or  all  of  the  following  causes:  a  local  inhibition  of  vasomotor  tone, 
an  active  dilatation,  changes  in  abdominal  pressure,  and  venous  ob- 
struction. On  the  whole,  the  process  resembles  the  first  stage  of  acute 
mflammation  and  does  not  appear  to  differ  essentially  from  the  phenom- 
ena as  observed  in  the  classic  experiments  on  the  subject.  After  this 
initial  fall  in  blood-pressure  the  condition  of  the  animal  may  remain 
stationary  or  may  even  slightly  improve.  However,  as  the  loss  of  tone 
and  paralysis  of  all  the  tissue  involved  take  place,  the  blood-pressure  pro- 
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gressively  falla,  the  temperature  becomes  subnormal,  and  the  animal 
develops  profound  shock.  This  loss  of  circulatory  fluid  and  changes  in 
temperature  quickly  imperil  the  life  of  the  cells  of  the  rest  of  the  organism 
and  death  usually  results  from  anemia  of  the  medullary  centers,  par- 
ticularly the  respiratory.  At  the  time  the  viscera  are  exposed  and 
during  the  period  that  shock  is  developing,  the  vasomotor  center  in- 
creases in  tone  and  the  untraumatized  arteries  constrict.  The  amount 
of  this  constriction  depends  on  their  previous  condition  and  the  degree 
of  splanchnic  dilatation.  During  this  time  the  center  will  usually 
respond  to  reflex  stimulation  and  asphyxia,  which  demonstrates  that  it 
is  still  active  although  not  functionating  to  its  maximum  extent.  When 
the  state  of  shock  is  fully  developed  it  is  usually,  but  not  always,  possible 
to  obtain  a  response  of  the  center,  due  to  the  long-continued  blood- 
pressure  or  to  the  fact  that  all  untraumatized  arteries  are  constricted 
to  their  maximum  extent  or  that  the  great  splanchnic  area,  through 
which  most  reflex  responses  of  blood-pressure  ape  produced,  is  completely 
paralyzed. 

The  heart  and  respiratory  mechanism  are  probably  affected  mainly 
by  the  loss  of  circulating  fluid.  The  following  facts  should  be  empha- 
sized :  That  the  resulting  condition  is  essentially  one  of  loss  of  circulating 
fluid;  that  the  process  takes  place  in  the  area  traumatized  and  in  that 
sense  it  is  peripheral;  that  the  primary  involvement  of  the  nervous 
system  is  probably  mainly  in  regard  to  the  local  reflexes;  and  that  the 
higher  nervous  mechanism  is  afTected  secondarily. 

I  have  never  been  able  to  produce  in  an  etherized  animal  the  shock 
produced  by  excessive  nervous  irritation  which  is  the  most  popular 
clinical  cause  of  the  condition.  A  careful  review  of  experimental  work 
leads  me  to  believe  that  other  investigators  have  experienced  the  same 
difBculty.  While  all  traumatic  procedures,  such  as  crushing  joints, 
evulsing  nerves,  etc.,  will  produce  marked  respiratory  and  blood -pressure 
changes,  it  must  be  very  rare  for  the  condition  of  shock  to  develop. 
This  must  be  due  either  to  the  f^t  that  nerve  impulses  are  not  the 
primary  factors  in  the  cause  of  shock,  or  that  ether  protects  the  nervous 
mechanism  from  excessive  stimulation. 

The  phenomena  of  so-called  psychic  shock,  the  shock  of  railway  and 
other  painful  accidents,  all  testify  that  at  least  in  some  instances  the 
nervous  mechanism  may  be  a  factor  in  some  forms  of  shock.  An 
explanation  of  the  cause  of  the  condition  in  these  cases  is  most  difficult. 

I  have  studied  recently  the  effect  of  different  traumatic  procedures 
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on  decerebrated  animals.  Exposure  of  the  abdominal  viscera  produces 
the  condition  of  shock  in  exactly  a  similar  manner  in  a  decerebrated 
animal  as  in  an  etherized  animal.  No  difTerence  in  the  development 
of  the  process  could  be  noted.  Traumatic  procedures  on  the  limbs  and 
nerves  of  a  decerebrated  animal,  while  producing  marked  individual 
variations,  produce  greater  changes  in  respiration  and  blood -pressure 
than  in  etherized  animals,  and  in  a  very  small  percentage  of  instances 
death  is  actually  produced.  This  condition  probably  corresponds  to  the 
shock  produced  by  accidents;  I  am  not  sure  it  has  any  relation  to  the 
shock  produced  under  an  anesthetic. 

In  the  few  instances  in  which  death  occurred,  I  was  unable  to  deter- 
mine the  cause.  However,  I  believe  the  factors  involved  will  be  found 
to  be  either  excessive  inhibition,  as  held  by  M eltzer,'  a  decrease  in  general 
tone  due  to  changes  in  the  synapses,  as  suggested  by  Hill,'  or  excessive 
depressor  stimulations.  If  the  latter  is  true,  work  along  the  line  pursued 
by  Ranson'  should  give  positive  results. 

It  is  highly  improbable  that  physiologic  fatigue  will  be  found  to  play 
any  primaiy  part  in  the  production  of  shock,  or  at  the  most  in  only  a 
small  percentage  of  instances.  The  belief  that  physiologic  fatigue  is 
not  a  common  cause  of  shock  during  anesthesia  is  based  on  several  facts. 
The  work  of  Porter,*  which  demonstrated  that  the  vasomotor  center  is 
not  primarily  fatigued  by  excessive  stimulation  and  that  electrical 
stimulation  of  the  major  nerve-trunks  for  many  hours  did  not  produce 
shock,  and  my  own  experiments,"'  which  show  that  it  must  be  rare 
indeed  for  shock  to  be  produced  in  an  etherized  animal  by  excessive 
trauma  to  nerves  and  limbs,  prove  that  from  the  experimental  stand- 
point fatigue  is  not  of  great  importance. 

In  a  recent  series  of  experiments  I  have  investigated,  quantitatively, 
the  relation  of  nerve  impulse  to  shock.  Utilizing  the  method  devised 
by  Forbes  and  Miller"  to  detect  the  changes  in  potential  at  the  brain- 
stem of  decerebrated  animals  following  nerve  stimulation,  I  have 
attempted  to  determine  quantitatively  the  amount  of  nerve  reaction 
produced  by  various  operative  procedures. 

The  method,  which  did  not  differ  from  that  described  by  Forbes  and 
Miller  except  that  the  electrodes  were  made  large  enough  to  connect  both 
sides  of  the  brain-stem,  consisted  of  connecting  the  brain-stem  of  a 
decerebrated  cat  to  a  galvanometer  and  recording  the  changes  in  poten- 
tial produced  by  different  traumatic  and  operative  procedures.     These 
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changes  in  potential  depend  on  nerve  reaction  and  have  been  shown  to 
be  a  true  index  of  the  nerve  impulse." 

Many  difficulties  were  encountered  in  the  investigation,  the  most 
important  of  which  was  to  obviate  the  mechanical  factor.  Very  slight 
movements  of  the  brain-stem  will  produce  deflections  of  the  galvanom- 
eter. This  error  was  never  fully  obviated.  However,  by  carefully 
immobilizing  the  animal  and  making  careful  controls  it  was  possible  to 
determine  some  of  the  effects  of  traumatic  procedures.  Of  course,  only 
comparative  studies  could  be  made. 

The  results  of  this  investigation  are  difficult  to  interpret,  and  until 
more  experiments  are  performed  conclusions  must  be  cautiously  made. 
However,  the  following  facts  seem  true:  (1)  Traumatic  and  operative 
procedures  on  the  limbs,  joints,  and  nerves  produce  a  very  marked  nerve 
response,  as  shown  by  the  deflection  of  the  galvanometer;  (2)  exposure 
of  the  abdominal  viscera  produces  either  no  deflection  or  a  very  slight 
one;  and  (3)  pulling  on  the  mesentery  and  other  viscera  produces  a 
definite  deflection  but  not  so  great  as  that  usually  produced  by  trauma 
to  a  leg.  In  fact,  it  was  possible  to  expose  the  viscera  and  cause  shock 
in  an  animal  without  producing  any  deflection  of  the  galvanometer. 

If  future  experiments,  in  which  all  errors  are  eliminated,  prove  these 
results  to  be  absolutely  true,  it  will  be  justifiable  to  conclude  that  the 
nerve  impulse  bears  no  qualitative  relation  to  shock.  The  idea  that 
shock  due  to  visceral  trauma  is  not  dependent  on  a  primary  impairment 
of  the  higher  nerve  mechanism  will  be  substantiated. 

In  the  experience  of  some  surgeons  a  small  number  of  ca^es  have 
occurred  in  which  the  amputation  of  a  limb,  an  operation  for  an  ununited 
fracture,  or  similar  operations  have  resulted  in  conditions  of  shock. 
The  experimental  investigator  has  never  been  able  to  explain  the  cause 
of  shock  in  these  cases  because  he  has  not  been  able  to  reproduce  them. 
The  recent  work  of  Bissell"  and  of  Porter"  will  probably  clear  up  these 
obscure  cases.  Bissell  has  shown  that  in  patients  suffering  from  frac- 
tures of  the  long  bones  there  is  a  great  increase  in  the  fat  content  of  the 
blood.  Some  of  the  patients  dying  with  symptoms  of  surgical  shock 
following  operation  which  involved  considerable  trauma  to  large  areas 
of  fat  showed  a  large  amount  of  fat  in  the  lungs,  death  being  due  un- 
doubtedly to  pulmonary  fat  embolism.  Porter,  while  studying  shell 
shock,  was  led  to  consider  the  possibility  that  fat  embolism  was  the 
cause  of  the  low  blood-pressure  found  in  cases  in  which  fractures  bad 
occurred.     Undoubtedly  in  a  small  percentage  of  cases  in  which  hitherto 
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a  diagnosis  of  surgical  shock  has  been  made  it  will  be  found  that  the 
patients  are  suffering  from  pulmonary  fat  embolism. 

The  endocrine  glands  have  been  given  as  factors  in  the  etiology  of 
shock.  This  idea  has  been  largely  associated  with  the  suprarenals  and 
is  based  on  the  facts  obtained  as  follows:  Elliott'^  showed  that  stimula- 
tion of  an  afferent  nerve  produced  a  discharge  of  epinephrin;  Cannon 
and  De  La  Paz'*  demonstrated  that-there  was  a  discharge  of  epinephrin 
during  emotional  states;  Corbett"  investigated  the  epinephrin  content 
in  shocked  animals  and  found  it  greatly  diminished.  Bedford  and 
Jackson"  found  that  in  conditions  of  low  blood-pressure  there  was  an 
increased  amount  of  epinephrin  in  the  blood.  Bedford'*  showed  that  it 
was  an  active  secretion  of  the  suprarenals.  Stewart  and  Rogolf^  con- 
cluded, from  their  work  on  the  effect  of  nerve  and  drug  stimulation  on 
the  suprarenal,  that  the  discharge  of  epinephrin  from  the  suprarenal  is 
not  indispensable  to  life  or  health.  My  own  experiments*'  have  demon- 
strated that  an  animal  may  live  for  several  days  after  the  removal  of  all 
suprarenal  tissue  and  maintain  an  apparently  normal  condition  in  all 
respects,  including  emotional  reactions,  and  that  an  animal  will  survive 
and  be  maintained  normally  with  only  one-half  to  one-third  of  one 
suprarenal  which  has  been  separated  from  all  nerve  supply. 

In  all  probability  some  of  the  endocrine  glands,  particularly  the 
suprarenals,  enter  as  factors  into  the  complex  condition  of  shock,  but  it 
is  quite  difficult  to  determine  to  what  degree  they  participate  as  primary 
active  agents  in  producing  the  state  or  how  much  they  are  affected  by 
the  low  blood-pressure  and  the  changes  incident  to  the  condition  itself. 

There  is  no  doubt  that  an  anesthetic  may  prove  harmful  to  a  patient, 
but  it  is  not  possible  to  state  to  what  degree  ether  is  a  factor  in  the 
production  of  shock.  Henderson*  has  pointed  out  the  dangers  of  Ught 
anesthesia.  Certainly  an  animal  can  be  killed  in  the  very  early  stages 
of  etherization  by  a  too  high  concentration  administered  during  excessive 
respiration,  but  this  is  more  of  an  anesthetic  than  a  shock  problem. 
The  effect  of  trauma  and  nerve  stimulation  during  very  light  etheriza- 
tion probably  causes  harmful  results  mainly  because  of  the  ensuing 
struggling  which  they  produce,  as  was  shown  by  Gatch,  Gann,  and 
Mann,^  than  for  any  other  cause. 

There  seem  to  be  little  definite  data  as  regards  the  question  of 
whether  hemorrhage  under  an  anesthetic  affects  the  individual  more 
than  without  the  anesthetic.  My  own  experiments  are  too  few  at 
present  to  allow  conclusions  to  be  drawn.  Also  it  has  not  been  deter- 
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mined  to  what  extent  tlie  loss  of  blood  changes  the  reaction  to  de6nite 
tension  of  ether.  Boothby*^  cites  a  case  in  which  it  was  necessary  to 
maintain  the  anesthetic  tension  the  same  as  it  was  before  (47)  after  a 
severe  hemorrhage. 

The  result  of  excessively  deep  etherization  is  more  nearly  related  to 
shock.  Animals  may  be  anesthetized  for  nine  to  ten  hours  with  an  ether 
tension  just  sufficient  to  maintain  anesthesia  for  operative  work  without 
the  production  of  a  condition  resembUng  shock.  On  the  other  hand,  a 
higher  tension  which  will  depress  blood-pressure  to  or  below  the  critical 
level  if  maintained  for  one  hour  will  produce  most  of  the  symptoms 
of  shock.  In  such  instances  the  blood-pressure  usually  remains  low 
and  is  not  restored  after  an  hour  or  two  of  artificial  respiration.  The 
animal  depressed  by  ether,  however,  differs  from  the  animal  in  shock  in 
the  fact  that  the  former  will  become  conscious  and  require  more  anes- 
thetic even  with  a  low  blood-pressure,  while  the  latter  usually  will  not. 
This  depressed  condition  following  deep  etherization,  while  it  is  pri- 
marily due  to  the  ether,  is  soon  complicated  by  the  condition  itself, 
namely,  low  blood-pressure,  subnormal  temperature,  etc.  The  shock- 
like condition  resulting  is  quite  largely  due  to  these  secondary  factors. 

While  ether  depresses  the  vasomotor  center  directly,  it  should  be 
noted  that  the  vascular  system  is  affected  by  deep  etherization  in  many 
other  ways.  Gatch"  has  pointed  out  that  de^  etherization  also  affects 
blood-pressure  by  loss  of  muscular  tone  and  a  decrease  in  the  action  of 
the  respiratory  pump. 

While  studying  the  vascular  and  respiratory  reBexes  under  various 
tensions  of  ether,  I  observed  one  phenomenon  which  may  have  a  direct 
bearing  on  the  cause  of  some  cases  which  were  diagnosed  as  shock. 
Stimulation  of  the  vagus  nerve  and  most  of  the  other  mixed  nerves  by  a 
suitable  electric  stimulus  will  produce  inhibition  of  respiration.  Simple 
stretching  of  some  nerves,  particularly  the  brachial  plexus,  will  some- 
times stop  respiratory  movements.  It  is  interesting  to  note  that  ether 
never  blocks  these  inhibitory  reflexes,  but  as  long  as  the  respiratory 
center  acts  the  reflexes  are  present.  As  the  respiratory  mechanism  is 
depressed  by  the  higher  tensions  of  ether,  the  inhibition  following  nerve 
stimulation  usually  becomes  more  pronounced.  Finally,  it  is  possible 
to  use  a  tension  under  which  respiration,  though  greatly  depressed, 
would  afford  enough  ventilation  to  keep  the  animal  alive  but  which 
would  be  inhibited  for  so  long  following  nerve  stimulation  that  the 
animal  would  in  all  probability  die  if  artificial  respiration  were  not 
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maintained.  This  combination  of  deep  anesthesia  with  inhibition  of 
respiration  may  have  been  a  factor  in  some  cases  which  were  called 
shock. 

Bernstein**  seems  to  have  been  the  first  to  investigate  the  place  in 
the  reflex  arc  on  which  the  general  anesthetics  (chloroform)  acted.  By 
destroying  the  blood  supply  to  a  portion  of  the  dpinal  cord  of  an  animal 
so  that  certain  segments  would  not  be  affected  by  the  anesthesia,  he 
showed  that  stimulation  of  a  sensory  nerve  whose  cell-body  was  in  an 
anesthetized  part  would  not  produce  a  motor  response,  but  that  the 
stimulation  of  a  sensory  nerve  whose  cell-body  was  not  anesthetized 
would  produce  a  motor  response.  This  proved  that  chloroform  acted 
first  on  the  sensory  side  of  the  reflex  are.  Deeper  anesthetization  de- 
pressed the  motor  side  as  well. 

In  a  previous  investigation  of  the  condition  of  shock  I  concluded  that 
ether  prevented  afferent  impulses  from  reaching  the  higher  necve  cen- 
ters. Recently  Forbes  and  Miller,"  by  means  of  the  galv&nometric 
method  previously  described,  have  clearly  demonstrated  this  fact  in  a 
very  delicate  and  graphic  manner.  By  connecting  a  galvanometer  to 
the  brain-stem  of  a  decerebrated  cat  they  were  able  to  show  that  a  weak 
stimulation  of  the  sciatic  nerve  produced  a  deflection  of  the  galvanometer 
corresponding  to  a  difference  of  the  potential  following  nerve  response; 
after  etherization  this  deflection  did  not  occur,  but  reappeared  when  the 
animal  recovered  from  the  anesthetic.  Undoubtedly  ether  does  block 
afferent  nerve  impulses  to  the  higher  centers. 

SUMMART 

Surgical  shock,  using  the  term  in  the  sense  employed  by  the  surgeon, 
occurring  during  general  anesthesia  may  be  due  to  several  causes.  For 
a  correct  understanding  of  the  physiologic  mechanism  involved  it  is 
necessary  to  differentiate  between  these  possible  causes. 

The  most  common  cause  of  the  symptoms  of  shock  is  free  hemor- 
rhage. It  should  be  emphasized  that  all  persons  do  not  react  the  same 
to  loss  of  blood  and  that  the  estimation  of  hemorrhage  during  operation 
is  very  inaccurate. 

Another  common  cause  of  shock  is  trauma  to  the  viscera.  Under 
this  condition  shock  is  due  to  loss  of  circulatory  fluid  in  the  traumatized 
areas,  mainly  brought  about  by  a  local  peripheral  mechanism. 

Shock  produced  by  excessive  nerve  irritation  under  an  anesthetic 
is  probably  a  much  more  rare  occurrence  than  clinical  reports  would 
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seem  to  show.  The  mechanism  involved  in  these  cases  is  miknown.  In 
cases  of  fractures  and  operations  involving  trauma  to  large  areas  of  fat 
in  which  shock  is  diagnosed,  pulmonary  fat  embolism  may  be  a  cause. 

Some  of  the  endocrine  glands,  particularly  the  suprarenals,  are 
factors  in  some  causes  of  shock;  but  it  is  very  difficult  to  determine  to 
what  degree  tfaey  participate  as  primary  active  agents  in  producing  the 
state,  or  how  much  they  are  affected  by  the  low  blood-pressure  and  the 
changes  incident  to  the  condition  itself. 

The  nerve  impulse  probably  bears  no  quantitative  relation  to  shock. 

Deep  etherization  may  produce  most  of  the  symptoms  of  shock. 
The  continued  depressed  state  following  deep  anesthesia,  while  pri- 
marily due  to  the  anesthetic,  is  soon  complicated  by  the  resulting 
factors  of  low  blood-pressure,  subnormal  temperature,  and  other 
changes. 

Some  cases  of  the  conditions  diagnosed  as  surgical  shock  may  be  due 
to  a  combination  of  deep  anesthesia  with  reflex  inhibition  of  respiration. 

Ether  certainly  does  block  afferent  impulses  to  the  higher  centers, 
hut  some  of  the  reflexes  involving  the  medullary  centers,  particularly 
those  which  inhibit  respiration,  are  not  blocked  when  very  strong  stimuli 
are  employed. 
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AUBRICANISH 

The  medical  profesaion  should  feel  proud  of  the  position  it  has 
attained  in  the  affairs  of  the  world.  It  has  been  second  to  none  in  its 
progress,  and  medicine  has  now  become  nearly  an  exact  science.  The 
exalted  position  of  medical  men  throughout  the  world's  war  has  become 
accepted  and  has  given  them  an  opportunity  to  apply  wholesale,  as  it 
were,  the  newer  methods  of  prevention  and  treatment  of  disease  by 
adopting  at  once  fixed  medical  standards.  The  enormous  value  of  this 
practical  application  relieves  the  necessity  of  a  slower  advance  by  dis- 
cussions with  the  ignorant  and  by  overcoming  obstructionists.  Hun- 
dreds of  our  medical  men,  appreciating  the  needs  of  the  people  as  well 
as  the  requirements  of  soldiers,  have  long  since  accepted  medical  service 
to  aid  humanity  in  all  the  countries  of  Europe.  There  will  be  no  need 
of  conscription  for  medical  men.  Tfaey  will  be  ready  long  before  the 
army  is  ready. 

The  medical  profession  was  first  to  mobilize,  and  has  been  signally 
honored  by  the  Government  in  having  given  to  it  the  first  flag  to  be 
carried  abroad,  thus  signifying  our  country's  active  entrance  into  the 
war.  No  worthier  representative  of  the  profession  could  have  been 
chosen  as  standard  bearer  than  Dr.  George  W.  Crile,  who  had  done  so 
much  to  develop  the  base  hospital  idea.  These  accomplishments  give 
us  a  right  to  discuss  Americanism.  As  a  people  we  cannot  accept  the 
Prussian  point  of  view  that  war  is  of  divine  origin,  and  that  those  killed 
in  waging  it  pass  immediately  to  Walhalta.  We  are  more  than  ever 
firmly  convinced  that  war  is  what  Sherman  called  it,  and  made  of  it — 
Hell.     In   beginning   and   conducting   war,    autocracies,    government 

*  President's  address  before  the  American  Medical  Associatbn,  at  the  Sixty-«igbth 
Annual  Session,  New  York,  June,  1917.  Reprinted  from  the  Jour.  Am.  Med.  Aasd., 
1917,  Uviii,  1873-1677. 
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officers,  and  soldiers  each  are  responsible  to  the  laws  of  bumanity.  In 
all  the  world's  history  war  has  occurred  at  fairly  regular  intervals,  and 
the  great  steps  of  man's  progress  have  been  closely  associated  with  it 
through  advances  made  by  autocratic  order  and  accepted  through 
discipline.  The  very  fact  that  a  people  can  respond  to  so  great  a 
catastrophe  as  war  shows  that  they  are  capable  of  the  progress  which, 
regardless  of  the  human  sacrifice,  is  the  ultimate  goal.  Democracy  is 
not  achieved  in  a  day.  Russia  has  only  started  on  her  freedom  along 
these  same  lines,  to  be  ultimately  united  only  through  either  the  present 
war  or  an  internal  revolution.  Autocracy  and  imperialism  are  hanging 
in  the  balance,  and  the  scale  will  turn  with  education  and  opportunity 
for  the  people.  Our  own  nation  has  never  been  in  any  war  of  conquest, 
having  fought  only  for  the  "rights  of  life,  liberty,  and  the  pursuit  of 
happiness  for  all,"  and  having  paid  (or  all  territory  taken.  War  gave 
us  freedom,  our  institutions,  and  the  consolidation  of  our  states;  it 
gave  to  the  world  the  freedom  of  the  seas,  and  it  gave  to  Cuba  the  same 
liberty  that  is  in  time  to  come  to  the  Philippines  and  other  of  our  pos- 
sessions. Our  war  of  freedom  was  instrumental  in  effecting  such 
changes  in  the  governing  methods  of  our  mother  country — England — 
that  she  has  since  so  endeared  herself  to  her  other  colonies  that  they 
have  freely  bled  themselves  white  in  their  loyal  support  of  her.  Our 
original  displacement  of  the  Indians  must  be  regarded  as  being  somewhat 
similar,  though  much  more  humane,  than  Germany's  attempt  ruthlessly 
to  stamp  out  what  it  considers  weaker,  non-aggressive,  or  decadent 
people  who,  from  its  point  of  view,  are  wasting  the  world's  supplies. 
Germany  plans  that  her  defeated  opponents  are  to  be  restored  to  use- 
fulness by  "Kultur,"  a  proposition  the  value  of  which  is  open  to  dis- 
cussion. Laws  are  either  natural  or  man-made.  Obedience  to  law 
means  life  and  liberty. 

In  our  own  county  our  constitutional  form  of  government  is  founded 
on  personal  liberty.  It  is  stronger  for  its  just  recognition  of  property 
rights,  and  ultimately  the  will  of  the  people  prevails.  Since  the  framing 
of  the  constitution,  thirty-two  millions  of  emigrants  have  come  to  our 
country.  Those  who  came  early  aided  in  developing  it  from  the  wilder- 
ness, and  at  once  became  loyal  citizens.  Those  who  came  late,  to  obtain 
opportunity  and  material  benefit  and  to  avoid  the  restrictions,  oppres- 
sions, and  conscriptions  of  their  own  countries,  are  not  truly  our  citizens, 
becoming  so  only  in  the  second  generation.  The  state,  acting  as  our 
monarch,  controls  the  rates  and  the  taxes.     It  provides  for  the  care  of 
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the  helpless,  deficient,  and  insane.  It  protects  the  health  and  Uves  of  its 
people,  is  constantly  working  to  benefit  all  by  such  acts  as  the  compensa- 
tion law,  and  is  now  discussing  a  modification  of  the  compulsory  health 
insurance  of  Germany  and  England. 

The  great  industries  have  in  the  past  unnecessarily  destroyed  thou- 
sands of  human  lives  and  turned  on  the  public  many  more  thousands  of 
cripples  dependent  on  public  charity.  It  has  been  cheaper  for  these  in- 
dustries to  let  Europe  pay  the  cost  of  bringing  individuals  to  maturity 
and  to  replace  the  injured  and  lost  with  new  human  material  than  to  go 
to  the  trouble  and  expense  of  providing  suitable  means  for  protecting  the 
Uves  and  limbs  of  employees.  Today  we  are  face  to  face  with  the  truth 
that  we  must  arise  and  upbuild  our  own  people.  The  economic  law  of 
supply  and  demand  has  gradually  been  brought  into  force,  and  the  waste 
of  human  life  must  cease.  We  hear  on  every  hand  of  projects  and  efforts 
for  the  conservation  of  human  life,  a  movement  which  is  not  the  outcome 
of  any  philanthropy  or  sentiment  but  of  necessity.  Men  can  no  longer 
be  replaced  with  the  old-time  ease,  and  their  individual  value  to  the 
community  has  increased  accordingly. 

Economic  necessity,  not  sentiment,  has  given  almost  sovereign  power 
to  health  departments,  both  state  and  municipal.  The  physical  con- 
dition (rf  school  children  is  being  looked  after  under  the  supervision  of 
physicians  and  trained  nurses,  and  even  food  is  being  furnished  that  the 
young  may  develop  well  knd  grow  strong  to  do  the  world's  work.  To 
prevent  sickness  among  those  who  are  well  and  bring  the  young  to  ma- 
turity with  health  and  education  is  the  most  important  business  of  the 
state. 

The  evolution  of  many  large  institutions  has  come  about  through  the 
development  of  the  by-product.  The  by-products  of  human  deficiencies, 
mental,  moral,  and  physical,  are  a  clog  and  a  burden  to  the  state.  In 
our  great  hospitals  for  the  insane  we  find  that  much  effort  is  being  made 
by  highly  organized  and  expensive  methods  to  reclaim  the  mentally 
affected.  These  institutions  have  become  not  the  madhouses  of  the 
past,  but  hospitals  for  the  mentally  sick.  The  expense  is  great,  the 
percentage  of  cures  small,  but  well  worth  the  effort.  University  and 
state  hospitals  are  needed  for  the  care  of  the  poor,  for  curing  blindness, 
and  for  restoring  cripples  and  defectives  from  birth  and  injury  to  health 
and  usefulness.  Now  that  the  war  is  producing  injuries  by  the  thou- 
sands, a  new  impetus  is  given  this  work,  that  by  training  in  special  em- 
ployment and  artificial  aids  such  persons  may  be  as  happy  as  possible, 


cyGoogIc 


war's  influence  on  medicine  781 

and  self-supporting.  It  is  through  organized  effort  in  the  medical  pro- 
fession that  so  many  of  these  great  things  of  the  world's  work  have  been 
accomplished.  Within  half  a  century,  many  years  have  actually  been 
added  to  the  average  life  of  man.  This  has  been  largely  accomphsbed 
by  preventive  medicine  as  well  as  by  advances  in  the  cure  of  disease. 

The  American  Medical  Association  has  an  advisory  committee,  under 
Dr.  Alexander  Lambert,  investigating  the  question  of  compulsory  health 
insurance  for  the  bformation  of  the  profession.  Such  laws  being 
meant  for  the  general  good  of  the  people,  physicians  should  not  obstruct, 
but  should  discuss  and  help  in  devising  methods  whereby  the  needy  will 
receive  aid,  the  middle  classes  will  not  be  pauperized,  and  this  without 
detriment  to  the  medical  profession.  Anything  which  reduces  the  in- 
come of  the  physician  will  limit  his  training,  equipment,  and  efficiency, 
and  in  the  end  will  react  on  the  people. 

One  of  the  greatest  functions  of  a  state  is  the  development  and  con- 
trol of  its  educational  system.  Compulsory  school  attendance  and  child 
labor  laws  have  been  necessities.  It  will  soon  be  generally  recognized 
that  the  citizen  is  best  made  when  a  child.  Compulsory  school  atten- 
dance through  the  seventh  grade  and  all  general  knowledge  obtained 
through  the  English  language  are  necessary  to  this  citizenship.  Other 
languages  than  English  are  special  studies.  Private  schools  should  be 
encouraged,  but  all  should  be  subject  to  state  inspection  and  control. 
Private  schools  conducted  by  hyphenated  Americans  should  be  subject 
to  govemraeat  inspection  to  remove  them  from  the  protective  influence 
of  local  and  state  politics.  The  lack  of  unity  of  our  nation  is  largely  due 
to  lax  educational  laws  which  allow  emigrants  to  develop  community 
and  educational  interests  in  the  language  of  their  fatherland  and  not  to 
live  up  to  our  constitution.  As  a  people  our  prestige  in  the  world  has 
been  injured  most  unfortunately  by  the  petty  jealousies  and  the  local 
interests  which  have  been  made  general  through  intrigue  and  political 
effort.  Especially  have  we  decried  to  the  world  the  acts  of  Government 
officials  whom  we  ourselves  have  placed  in  power.  More  good  would 
come  to  our  country  through  tongue  control  than  birth  control.  Our 
best  people  must  come  to  the  fore,  and  if  ne<%ssary,  by  self-sacrifice,  do 
their  part  in  the  political  management  of  the  local,  state,  and  general 
affairs  of  our  country  if  democracy  is  to  survive.  A  wise  monarch  in 
Europe  has  remarked  that  it  is  surprising  how  often  Americans  seem 
pleased  at  being  mistaken  as  coming  from  some  other  country.  Our 
emigrants  from  all  countries  de»re  opportunity  for  expansion,  thought. 
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and  individualism.  With  opportunities,  their  brain-cells  create  great 
inventions  and  ideas.  It  is  most  natural  that  such  people  should  de- 
velop in  this  country  of  opportunity,  and  in  theory  it  is  just  as  natural 
that  much  of  the  new  thought  in  the  world's  progress  may  come  from  the 
Siberian  people  after  the  next  two  generations  in  America. 

In  a  review  of  the  world's  progress  in  the  last  hundred  years  the 
wonderful  part  our  country  has  played  in  it  is  at  once  manifest.  Man's 
power  to  control  the  elements  was  developed  in  America.  Franklin 
was  the  first  to  draw  electricity  from  the  clouds.  Morse  developed  the 
telegraph.  Field  laid  the  first  cable,  and  Tesla,  through  his  American 
education  and  opportunity,  developed  electric  control.  We  still  thrill 
at  the  story  of  Fulton's  first  steamboat,  the  Claremont,  on  the  Hudson 
River.  The  Howe  sewing  machine  took  sorrow  from  "the  song  ol  the 
shirt."  Alexander  Bell  developed  the  telephone,  and  Edison  the  phono- 
graph; Holland  developed  the  submarine,  while  Langley,  followed  by 
the  Wrights,  gave  us  the  airship.  The  typewriter,  the  adding  machine, 
and  nearly  all  mechanisms,  systems,  and  inventions  for  conserving  time 
and  increasing  productiveness  have  been  American  in.  origin.  Within 
scarcely  fifty  years  modem  farm  machinery — planters,  seeders,  mowers, 
reapers,  binders,  and  threshers — has  here  increased  man's  ability  a  dozen- 
fold,  while  in  Europe  the  sickle,  the  cradle,  and  the  flail  are  still  being 
used. 

I  mention  these  things  here  because  the  great  medical  profession  of 
this  country  has  not  stood  as  a  united  body  of  that  which  is  American  in 
medicine.  Many,  while  abroad,  have  apologized  for  medical  conditions 
at  home,  and  for  personal  advancement  have  often  written  of  and  dis- 
cussed as  remarkable  European  discoveries  that  are  trivial  in  comparison 
to  our  own.  Many  important  discoveries  in  medicine  in  America  have 
not  been  accepted  here  until  they  have  been  appropriated  byTeutons  and 
returned  to  us  with  the  stamp,  "  Made  in  Germany."  Our  country  has 
done  much  for  the  advancement  of  the  medical  profession  through  the 
enactment  of  just  Uws  requiring  standards  of  education.  Through  the  ef- 
forts of  the  Council  on  Medical  Education,  of  which  Dr.  Arthur  D.  Bevan 
is  chairman,  our  profession  has  largely  aided  in  the  standardisation  of 
medical  colleges.  Through  the  work  of  this  board,  many  of  the  in- 
efficient medical  colleges  have  been  forced  to  close,  to  the  great  ultimate 
good  of  medical  science  and  of  the  people  served  by  their  graduates. 
The  added  requirements  of  preliminary  education  and  increased  years 
of  medical  study  were  so  great,  however,  that  with  the  elimination  of  40 
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per  cent  of  the  colleges,  and  the  years  of  study  more  than  doubled,  we 
have  little  more  than  one-third  as  many  students  of  medicine  now  as  in 
1900.  Fewer  doctors,  better  trained  nurses  to  take  some  of  their  work, 
better  educated  people,  and  preventive  medicine  to  reduce  sickness 
maintain  an  even  balance,  however.  Now  will  come  a  hysterical  de- 
mand to  lower  the  bars  of  educational  medical  requirements  under  pre- 
text of  the  necessity  of  war.  It  must  not  be  permitted.  If  ever  we 
need  educated  men,  it  is  now,  and  they  will  continue  to  be  needed. 

To  our  credit  it  may  he  said  that  today  our  graduates  in  medicine 
by  education  and  training  are  equal  to  those  of  any  country,  and  better 
than  those  of  most  countries  of  the  world.  The  cost  of  conducting  medi- 
cal schools  is  so  great,  as  compared  with  the  fees  received,  that  they  may 
be  conducted  only  by  richly  endowed  colleges  or  state  universities.  It 
costs  the  state  of  Minnesota  84200  to  educate  a  physician,  but  its  people 
are  well  paid  for  the  expense  incurred,  as  they  receive  the  best  medical 
care.  Minnesota  now  stands  fourth  among  the  states  in  health  service 
for  the  people,  and  was  the  first  to  inaugurate  state  board  examinations 
to  regulate  the  practice  of  medicine.  However,  the  standard  for  the 
practice  of  medicine  is  now  high  in  most  states,  and  here  I  would  pay 
tribute  to  the  excellent  work  of  the  National  Board  of  Medical  Examin- 
ers developed  through  the  efforts  of  the  late  Dr.  William  Rodman  while 
President  of  this  Association.  In  some  states,  through  local  or  state 
influence,  many  forms  of  the  practice  of  medicine  have  been  given  sepa- 
rate boards  of  examiners,  based  wholly  on  lines  of  treatment.  There 
should  be  no  examination  as  to  the  method  of  treatment.  Ultimately, 
when,  as  the  result  of  existing  laws,  general  standards  of  education  are 
higher,  public  demand  will  require  that  all  who  practice  the  healing  art 
shall  be  tested  on  educational  lines,  both  general  and  special,  the  latter 
wholly  on  the  knowledge  of  the  facts  of  anatomy,  histology,  chemistry, 
sanitation,  preventive  medidne,  and  the  diagnosis  of  disease,  but  not  on 
treatment,  before  permission  is  given  to  care  for  the  lives  and  health  of 
the  people. 

During  past  centuries  medicine  has  advanced  slowly,  but  quite  as 
rapidly  a^  other  lines  of  endeavor.  The  wonderful  advance  of  the  world's 
affairs  during  the  last  century,  and  especially  in  the  latter  half  of  it,  has 
given  us  a  new  world  in  thought  and  productive  activity.  In  medicine 
this  has  been  especially  true  in  the  development  of  our  knowledge  of  the 
bai^rial  cause  of  disease  and  its  prevention  and  treatment.  How  proud 
the  French  are  of  the  wonderful  part  Pasteur  played  in  the  discoveries 
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and  in veati gallons  that  diaclosed  a  new  microscopic  world  of  life!  We 
□ow  know  that  to  bacteria  is  due  the  essential  chemistry  of  existence,  as 
they  maintain  life  by  changing  inorganic  material  into  solutions  for  plant 
food.  All  multicellular  organisms,  both  plant  and  animal,  are  subject  to 
disease  and  destruction  through  the  action  of  the  single  cell  organism. 
Our  progress  in  the  world's  work  will  be  to  further  recognize  and  classify 
bacteria,  to  propagate  and  train  them  to  become  man's  true  slaves,  and 
to  control,  render  harmless,  or  destroy  those  destructive  to  life.  The 
French,  through  Madame  Curie,  gave  to  us  the  knowledge  of  radium. 
England  is  proud  of  Lister,  who  elaborated  the  work  of  Pasteur  into  a 
benefit  to  surgery,  showed  that  infections  are  caused  by  bacteria,  and 
thus  developed  antiseptic  surgery.  There  also  was  developed  the 
Crookes  tube,  the  penetrating  rays  of  which  were  accidentally  discovered 
by  Roentgen,  from  the  fact  that  photographic  plates  in  the  room  were 
affected  by  them. 

We  have  all  beneBted  by  Germany's  elaboration  of  scientific  prob- 
lems; especially  by  her  proof  to  the  world  of  the  benefit  of  teamwork 
and  organized  national  discipline  over  the  efforts  of  the  individual.  It 
can  be  said  of  many  scientific  discoveries  that  they  were  thought  of 
years  ago  by  men  who  lived  before  their  time,  as  it  were;  yet  credit 
must  go  to  those  who  overcome  resistance,  educate  the  people,  and  com- 
pel acceptance.  From  a  medical  standpoint  we  must  be  proud  of  our 
country  and  our  great  dead.  The  work  of  McDowell,  of  Kentucky,  who 
performed  the  first  ovariotomy  in  1809,  and  the  impetus  to  medicine 
given  by  Gross,  Rush,  Sims,  Emmett,  Senn,  Davis,  and  J.  B.  Murphy, 
our  former  president,  and  a  host  of  other  distinguished  dead  who  added 
so  much  to  our  knowledge  of  medicine,  are  known  to  the  world.  What 
a  debt  we  owe  to  Long  for  bis  discovery  of  ether,  which  made  modem 
surgery  possible  and  childbirth  easier! 

We  are  proud  of  our  agricultural  department  and  its  investigations 
as  to  the  causes,  control,  and  cure  by  serums  of  the  diseases  of  animals 
and  the  destruction  of  parasitic  hosts.  The  work  of  Etwin  F.  Smith  on 
plant  diseases  is  monumental,  especially  his  discoveries  as  to  the  cause 
of  certain  plant  tumors  which  show  again  that  our  bacteria  and  insect 
chemists  are  the  prime  offenders  through  the  development  of  their  vary- 
ing acids,  which  may  be  stimulating  or  destructive  to  other  cell  life, 
causing  tumors  or  decay.  We  should  appreciate  and  aid  the  work  of 
these  departments. 
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Education 

Whereas  a  hundred  years  ago  the  educated  man  could  acquire  the 
bulk  of  all  that  was  known,  it  is  now  commonly  recognized  that  the 
world's  knowledge  is  so  extensive  that  the  more  general  an  education  a 
man  receives  the  more  hampered  he  may  be,  unless  he  is  also  highly  edu- 
cated along  some  particular  line.  There  are  specialists  in  every  line  of 
human  endeavor — the  educator,  the  professional  man,  the  business  man, 
the  farmer,  and  the  laborer.  Flexner  is  right  in  his  effort  to  bring  about 
a  change  in  the  prevailing  system  of  education,  founded  as  it  was  in  the 
monk's  period  of  the  world's  progress.  It  is  essential  to  adjust  educa- 
tion to  man's  requirements  and  necessities  of  today,  but  much  general 
discussion  will  be  necessary  to  change  public  opinion.  Already  some  of 
the  preparatory  schools  have  started  a  propaganda  against  even  the 
trying  out  of  experimental  changes  in  educational  forms.  The  gradu- 
ating age  of  twenty-nine  in  medicine  is  four  years  too  late,  as  the  most 
productive  and  ideal  period  of  thought  is  thereby  limited  to  too  short  a 
time.  The  graduate's  best  work  must  be  accomplished  in  the  next  fif- 
teen years,  when  his  brain-celb  are  most  energetic  and  receptive.  It  b 
well  to  remember  that  death  overtakes  the  average  physician  at  the  age 
of  fifty-eight.  The  intellectual  man  and  woman  marry  late  or  not  at  all, 
and  the  resulting  birth-rate  does  not  exceed  one-third  of  their  original 
number.  In  order  that  the  physician  may  be  graduated  at  the  age  of 
twenty-five,  his  vocation  should  be  chosen  in  the  seventh  year  of  school 
life  in  order  that  special  lines  of  study  may  be  begun,  and  the  eighth 
grade,  the  work  of  which  is  a.  review,  should  be  eliminated.  A  revision 
of  the  time  devoted  to  a  study  of  the  classics  is  necessary.  Four  years  of 
Latin  for  the  study  of  the  scientific  professions  is  a  just  proportion. 
The  work  of  the  last  year  of  high  school  and  preparatory  school  should 
not  be  reviewed  in  the  first  year  of  college,  thus  saving  two  years.  By 
proper  specializing  in  a  six  or  seven  year  combined  course  of  college  and 
medicine,  the  student  should  be  entitled  to  two  degrees,  such  as  are  now 
given  in  the  University  of  Minnesota. 

Medicine  has  been  divided  into  many  branches  and,  of  necessity, 
diagnostic  team  work  has  developed,  with  the  result  that  both  the  rich, 
who  can  pay,  and  the  very  poor,  who  cannot  pay,  secure  the  best  possible 
service.  To  secure  equally  good  service  for  the  great  bulk  of  the  people, 
however,  some  change  in  diagnostic  methods  by  the  establishment  of 
•17— so 
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centralized  plants,  hospitals  for  diagnosis,  or  combinations  of  those  en- 
gaged in  specialties  to  care  for  the  extraordinary  cases  is  necessary. 

Work  of  Ahbjt  Medical  OFFiCBRa 
War  has  always  bad  a  great  influence  on  medicine,  first  developing 
the  priest  physician,  then  the  barber  surgeon,  and  later  the  army  medical 
officer.  In  war  time  Par£  devised  the  ligature  for  arteries,  although 
he  was  not  the  first  to  employ  it.  Napoleon,  who  was  often  at  a  loss  to 
supply  his  army  with  food,  made  awards,  which  from  an  empiric  and 
practical  standpoint  developed  canning  and  the  preservation  of  food 
before  bacteria  were  known.  The  American  medical  profession  will 
ever  be  under  obligation  to  our  army  medical  officers  for  their  services  to 
the  world  in  the  discoveries  of  numerous  diseases,  their  causes  and  pre- 
vention. Our  army  medical  officers  stand  preeminent  in  9cien<%.  To 
Beaumont  we  are  indebted  for  the  first  report  on  digestion,  digestive 
fluids,  and  gastric  movement  from  direct  observation  of  a  patient  with 
gastric  fistula.  To  Surgeon-General  William  Hammond  we  are  indebted 
for  the  development  of  the  army  medical  museum,  the  second  in  the 
world.  Surgeon  J.  S.  Billings  fostered  the  second  largest  and  the  best 
medical  library  in  the  world.  Surgeon-General  Sternberg  discovered 
the  pneumococcus  and  founded  the  army  medical  school  and  the  Gov- 
ernment laboratories  of  bacteriology  and  hygiene.  Under  Sternberg's 
administration  Major  Walter  Reed,  with  James  Carroll,  Jesse  W.  Lazear, 
and  Aristide  Agramonte,  proved  the  mosquito  to  be  the  agent  trans- 
mitting yellow  fever.  Lazear  lost  his  life  from  the  disease  during  the 
investigation.  To  these  men  belongs  the  credit  for  the  control  of  yellow 
fever  throughout  the  world,  although  the  theory  had  been  advocated  by 
J.  D.  Nott  in  1848  and  Carlos  Finlay  in  1881.  Through  the  knowledge 
obtained  by  this  board  and  the  sanitary  and  hygienic  investigations  of 
the  Army  Medical  Service,  General  Gorgas,  a  former  president  of  this 
association  and  now  surgeon-general  of  the  army,  was  able  to  free  Ha- 
vana of  contagious  disease.  Yellow  fever  disappeared  from  Havana  for 
the  first  time  in  one  hundred  and  fifty  years.  Under  the  supervision 
of  General  Gorgas  the  Panama  Canal  zone  also  was  heed  from  both 
yellow  fever  and  malaria.  The  latter  was  proved  to  be  a  mosquito- 
borne  disease  by  Major  Ross,  of  the  British  army.  This  sanitary  work 
made  possible  the  building  of  the  canal,  and  the  health  conditions  in 
Panama  are  now  better  than  in  our  own  country.  To  Robert  Mutland 
O'Reilly,  one  time  surgeon-general  of  the  army,  we  are  indebted  for  the 
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reserve  medical  corps  developed  for  the  expaosioo  of  the  medical  ser- 
vice during  the  time  of  war,  and  undn  which  service  several  thousands 
of  us  are  now  preparing  to  do  our  bit.  Under  Surgeon-General  George 
H.  Tomey  was  instituted  the  first  compulsory  vaccination  for  the  pre- 
vention of  typhoid.  This  was  made  possible  by  the  discoveries  of  Chan- 
temesse  and  Widal  in  Prance  and  Sir  Almroth  Wright,  uf  England, 
though  to  Major  Frederick  F.  Russell,  of  America,  is  largely  due  the 
credit  of  its  development.  On  the  Mexican  border  Major  Russell  has 
vaccinated  more  than  20,000  United  States  soldiers  at  one  time  and  put 
a  stop  to  typhoid.  To  understand  fully  what  this  means,  we  must 
realize  that  the  medical  army  service  is  as  much  a  specialty  in  the  care 
of  soldiers  as  any  specialty  can  become.  In  almost  impossible  condi- 
tions and  surroundings  to  prevent  and  care  for  disease  and  infections, 
employ  all  of  the  serum  and  vaccines  known,  and  be  fully  conversant 
with  all  sanitary  and  hygienic  laws  requires,  indeed,  sj)ecial  training. 
During  the  Spanish  War,  20,000  cases  of  typhoid  occurred  among  our 
troops  in  training  camps  between  May  and  September,  1S98.  Of  the 
volunteer  soldiers,  90  per  cent  developed  typhoid  within  eight  weeks  of 
camp  life.  lovesUgations  by  Majors  Walter  Reed,  Victor  Vaughan,  a 
former  president  of  this  association,  and  Edward  Shakespeare  did  much 
to  demonstrate  the  methods  by  which  diseases  are  transmitted  by  flies 
and  human  carriers,  and  also  by  utensils  and  camp  pollution.  In  our 
volunteer  army  in  Cuba  450  soldiers  were  killed,  and  985S  died  of  dis- 
ease. The  benefit  to  our  country  after  the  present  war  in  having  some 
thousands  of  medical  officers  trained  in  sanitation,  hygiene,  and  the  pre- 
vention of  disease  will  be  incalculable.  Through  lax  examinations  of 
recruits  and  the  natural  effects  of  prolonged  life  and  overcrowding  in 
trenches  and  underground  structures,  tuberculosis  will  become  a  menace 
to  our  soldiers,  as  it  is  today  in  France. 

In  the  American  occupation  of  Porto  Rico  in  1898,  smallpox,  which 
was  always  present,  became  epidemic,  dOOO  cases  occurring  in  two 
months.  By  order  of  Governor-General  Davis  and  under  the  direction 
of  Major  John  Van  R.  Hoff,  the  island  was  absolutely  rid  of  the  disease 
by  the  vaccination  of  all  the  inhabitants — more  than  800,000  people. 
There  also  Captain  Ashford  and  his  board  have  treated  over  300,000 
people  for  hookworm  disease,  reducing  its  mortality  90  per  cent.  A  simi- 
lar work  with  like  results  has  been  carried  on  in  the  Southern  States 
thil^ugh  the  generosity  of  Mr.  Rockefeller  through  the  work  of  his  foun- 
dation, largely  aided  by  the  army  medical  and  public  health  services. 
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Mention  should  be  made  also  of  the  work  done  by  army  medical  men  in 
the  study  of  pellagra.  Beriberi  has  been  eliminated  from  the  Philip- 
pines by  the  investigations  of  the  preparation  of  rice  made  by  Captain 
Edward  Vedder.  Surgeon-General  Tomey  advocated  the  Army  Den- 
tal Corps  and  the  Army  Corps  of  Nurses.  The  present  war  is  one  of 
remarkable  proportions,  and  the  medical  service  has  assumed  an  impor- 
tance such  as  it  never  bad  before.  The  old  army  hospital  gangrene  is  a 
thing  of  the  past.  A  knowledge  of  the  care  of  infections,  prevention  of 
tetanus,  vaccination  for  smallpox  and  typhoid,  the  cause  and  prevention 
of  typhus,  the  old  camp  fever,  also  cholera,  the  plague,  and  fevers  of  all 
sorts,  including  the  new  trench  form,  is  a  training  requirement  of  the 
army  medical  officer,  and  results  in  the  restoration  to  duty  of  a  high 
percentage  of  the  injured. 

The  requirements  of  our  profesnon  have  been  raised  from  vnlhin,  and 
not  forced  from  wOkout,  The  American  College  of  Surgeons  deserves 
great  credit  for  establishing  its  high  standards  for  the  science  of  surgery 
and  the  honesty  of  the  surgeon.  Through  immediate  necessity,  hospi- 
tals are  rapidly  being  classified  and  standardized  that  they  may  become 
more  efficient  for  the  people  and  for  the  training  of  nurses  and  future 
physicians.  As  a  body,  no  profession  has  more  power  if  wisely  used. 
The  period  of  discussion  with  fanatics  and  cults  as  to  the  cause  and  pre- 
vention of  disease,  a  long  period  in  medical  history,  is  past,  for  today  dis- 
ease can  be  checked  by  order.  Our  country  should  secure  a  medical 
cabinet  officer  in  the  near  future. 

We  must  aid  in  all  that  will  elevate  the  general  standard  of,  and  con- 
serve, the  American  citizen.  Prohibition  is  a  war  measure  the  value  of 
which  is  beyond  discussion.  That  disease  was  frequently  water-borne 
is  a  practical  observation  that  has  existed  for  many  centuries.  To  a 
large  extent  among  the  Orientals  the  danger  of  such  transmission  was 
overcome  by  the  drinking  of  tea  and  coffee,  the  water  for  which  was 
purified  by  boiling.  In  Europe  the  same  results  were  obtained  in  the 
manufacture  of  weak  wines,  brews,  and  liquors,  the  fermentation  and 
yeast  germs  of  which  destroyed  the  virulent  bacteria.  Now  that  we 
know  how  and  why  water  was  dangerous,  the  necessity  especially  of 
alcoholic  drinks  has  been  removed  in  every  community  in  this  great 
country  by  an  abundance  of  pure  water.  No  one  except  the  policeman 
sees  more  of  the  results  of  overindulgence  in  alcohol,  demonstrated  by 
poverty,  sickness,  immorality,  and  crime,  than  the  physician.  Medicine 
has  reached  a  period  when  alcohol  is  rarely  employed  as  a  drug,  being 
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displaced  by  better  remedies.  Alcohol's  only  place  now  is  in  the  arts 
and  sciences.  National  prohibition  would  be  welcomed  by  the  medical 
profession. 

American  dentistry  has  made  a  place  for  itself  in  the  world,  and  Amer- 
ica stands  at  the  head  of  all  countries  in  the  care  of  the  teeth.  We  are 
all  proud  of  the  work  of  American  dentists.  We  may  pay  our  tribute 
also  to  the  American  nurse,  who  has  distinctly  elevated  the  nursing  of 
the  world  and  care  of  the  sick.  Her  experience  and  training  make  her 
the  best  wife  and  mother  and  a  leader  in  support  of  the  best  in  education 
and  discipline  in  her  community. 

It  is  most  fortunate  that  our  army,  navy,  and  public  health  medical 
services  are  in  the  hands  of  three  of  our  ablest  men.  Surgeons- General 
Gorgas,  Braisted,  and  Blue,  and  we  must  laud  the  work  of  the  general 
medical  council  under  the  able  directorship  of  Dr.  Franklin  Martin. 
The  Journal  of  the  American  Medical  Association,  under  the  direction 
of  Dr.  George  H.  Simmons,  has  been  an  important  factor  in  the  educa- 
tion of  the  American  physician. 

Medical  men,  your  country  needs  you  now  and  always!  You  must 
remember  that  the  state  is  permanent  and  does  not  exist  for  the  good  of 
the  individual,  but  that  the  individual  exists  for  the  good  of  the  state. 
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It  is  a  frequent  hackneyed  argument  that  in  view  of  our  assumed 
higher  intelligence  war  is  incongruous  and  inexcusable.  Nevertheless, 
though  there  are  religious  orders  opposed  to  war,  the  most  terrible 
wars  have  been  waged  in  the  cause  of  religion.  We  have  both  pacifist 
individuals  and  pacifist  nations,  yet  as  individuals  and  as  nations  they  do 
not  hesitate  to  reap  the  benefits  of  the  strain  and  stress  endured  by  others 
without  danger  to  themselves.  Armenia  and  large  sections  of  China, 
which  are  pacifists  as  nations,  however,  have  reaped  little  but  trouble. 
War  will  ever  continue  to  occur  from  time  to  time,  and  however  started, 
will  advance  existing  conditions  in  thought,  science,  and  efficiency. 

Our  nation  is  becoming  soft,  dissipated,  and  inefficient.  From  25  to 
SO  per  cent  of  our  youth  from  twenty  to  thirty  years  of  age  are  physically 
defective  from  preventable  causes.  We  make  many  laws,  but  obey  few; 
and  having  an  abhorreaee  of  discipline,  we  discuss  freedom.  Two  years 
of  war  with  discipline  and  sacrifice  will  make  of  us  the  greatest  nation 
on  earth. 

In  inventitm  the  greatest  incentive  comes  during  war,  and  in  four 
years  as  much  progress  will  be  made  throughout  the  world  in  this  line 
as  would  be  accomplished  during  many  years  of  peace. 

Concerning  medicine,  the  world  will  accept  without  question  what 
has  been  proved  in  preventive  medicine  and  in  the  care  of  wounds.  In 
view  of  their  limited  numbers,  the  army  medical  officers  have  added 
much  to  the  development  of  modern  medicine. 

In  education,  as  a  result  of  the  war,  schools  for  the  blind  and  crippled 
have  already  been  developed  far  in  advance  of  any  previously  existing. 
Education  is  the  essential.  We  must  amalgamate  the  millions  of  immi- 
grants from  all  countries,  speaking  nearly  every  language,  by  refusing 
to  permit  them  to  conduct  schools  of  general  education  in  the  language 
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of  their  home  country.  Children  of  foreign  parentage  thus  educated  in 
the  English  language  will  make  American  citizens. 

In  the  struggle  for  existence  all  cell-life  is  in  a  natural  state  of  strife, 
the  ultimate  goal  being  apparently  the  survival  of  the  6ttest,  Nothing 
endures  unless  it  is  of  use  in  the  world  and  in  the  economy  of  nature. 
Man,  the  highest  type  of  life,  cannot  evade  this  natural  law.  Varia- 
tions of  anima)  forms  are  developed  as  by-products,  as  shown  by  pro- 
tective color,  form,  and  food  in  insect  and  animal  life,  as  well  as  in  plant 
life.  For  reasons  of  real  or  fancied  wrong  or  for  gain,  man  who  has 
higher  intelligence  and  who,  in  the  struggle  for  exbtence,  has  acquired 
memory  above  instinct,  engages  in  combat  to  achieve  supremacy — a 
condition  called  war  when  tribes  or  nations  are  involved.  In  the  struggle 
for  victory  the  strongest  and  best  prepared  wins;  therefore,  victory  does 
not  always  come  immediately  to  the  side  of  the  just,  although  peace  is  not 
assured  until  it  does. 

Apparently  the  higher  degree  of  civilization  of  modern  times  has  de- 
veloped more  diabolical  methods  of  conducting  war  than  those  of  the 
past.  The  records  of  the  wars  of  past  ages  show  that  while  destructive- 
ness  and  frightfulness  played  their  parts,  they  were  not  so  effective  as  in 
the  present  period,  when  higher  intelligence  prevails.  The  records  also 
show  that  the  wars  of  the  past  were  terminated  to  a  larger  extent  by 
medical  failure  than  by  any  other  cause.  Sickness  was  far  worse  than  the 
bullets  of  the  enemy.  In  the  wars  of  a  couple  of  hundred  years  ago  only 
the  officers  had  surgeons,  who  were  also  their  barbers.  Medicine  was 
not  so  advanced  during  that  period  that  it  could  be  free  from  charlatan- 
ism or  supposed  secret  methods  of  practice.  Curiously  enough,  the  first 
people  to  appreciate  the  benefits  of  medicine  in  its  modem  application 
were  those  who  came  last  into  civilization — the  Japanese,  a  small  nation 
which,  almost  wholly  through  medical  efGciency,  was  able  to  fight  a 
much  larger  nation  to  a  draw. 

Id  recent  times,  through  army  officers  and  war  boards,  the  great 
nations  have  prevented  their  medical  officers  from  doing  their  full  duty 
because,  like  that  of  law,  the  conduct  of  war  has  been  established  by 
precedent.  While  in  the  records  of  the  Crimean,  Civil,  Boer,  and  Span- 
ish wars,  much  is  said  concerning  temporary  losses  from  the  inefficiency 
of  battleships,  artillery,  and  infantry,  the  real  cause  of  failure  was  lack 
of  medical  preparedness  through  the  fault  of  the  army  officers  and  not 
of  the  medical  officers.  The  last  atrocious  medical  failure  was  that  of  the 
Mesopotamian  invasion  by  the  British.     This  was  even  worse  thaD  our 
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failure  to  care  for  our  troops  while  they  were  in  training  for  the  Spanish 
war,  when  20,000  soldiers  developed  typhoid  within  five  months,  the 
medical  officers  having  no  rank  or  authority  to  use  the  ordinary  pre- 
cautions against  disease  by  the  employment  of  simple  methods  of  sani- 
tation and  hygiene. 

It  should  be  appreciated  that  today  the  destnicttveness  of  war  by 
injury  is  no  greater  than  it  was  in  our  Civil  War.  In  fact,  the  casualty 
list  is  not  as  high  as  for  the  men  who  were  engaged  in  several  of  the 
battles  of  the  War  of  the  Rebellion,  when  the  actual  loss  through  lack  of 
medical  care  was  enormously  greater.  The  modem  medical  officer,  by 
the  use  of  vaccines  end  serums,  prevents  the  former  ravages  of  eight 
deaths  from  disease  to  one  from  direct  injury. 

It  is  to  be  hoped  that  Congress  will  advance  the  rank  of  the  medical 
officers,  not  only  of  the  regular  army,  but  of  the  Officers  Reserve  Coips 
while  they  are  in  service,  and  not  discriminaCe  between  the  navy  and  the 
army.  This  will  stimulate  volunteer  medical  service  and  our  soldiers 
will  receive  full  protection  in  their  time  of  need.  There  is  no  excuse  for 
our  Government  to  humiliate  these  men  who  are  highly  trained  in  their 
profession  and  who  have  always  faced  danger  as  a  part  of  their  duty,  and 
are  ready  to  continue  to  do  so  in  the  service  of  their  country  if  their 
authority  through  rank  b  made  commensurate  with  their  responsibility. 

Our  democracy  has  always  scorned  rank,  but  Washington  finally  rose 
to  lieutenant-general,  Grant  became  first  a  lieutenant-general  and  id 
1865  a  general,  both  through  special  acts  of  Congress.  The  chief  medical 
officer  of  the  army  is  brigadier-general.  Colonel  Gorgas  was  made 
major-general  by  a  special  act  of  Congress,  and  it  is  a  mere  coincidence 
that  he  is  surgeon-general  at  this  time.  The  surgeon-general  is  not  a 
member  of  the  war  council.  This  is  another  ot  the  conditions  such  as 
brought  about  the  Mesopotamian  failure. 

The  medical  officer's  rank  was  low,  and  in  the  navy  three  years  ago 
medical  aflMrs  were  in  a  serious  state  until  Congress  raised  the  official 
position  to  equal  that  of  medical  officers  in  the  navies  of  foreign  coun- 
tries vbited  by  our  navy  in  time  of  peace.  Previous  to  that  time  a  great 
part  of  the  medical  service  was  handled  by  contract  surgeons.  There 
now  are  six  rear-admirals,  ranking  as  high  as  major-generals,  and  many 
colonels.  The  result  has  been  that  the  medical  officer  positions  in  the 
navy  were  early  filled  by  volunteers  after  the  present  war  was  declared. 

Nearly  all  adults  have  been  at  some  time  infected  by  tuberculo^. 
The  bacilli  of  such  focal  lesions  are  not  always  destroyed  in  apparent 
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recovery,  but  may  be  encapsulated,  and  by  the  conditions  of  trench  life 
these  local  foci  are  revived.  Thus  it  is  that  France  has  now  150,000 
cases  of  tuberculosis  among  soldiers  and  500,000  cases  among  civilians. 
Germany  suffers  as  much,  and  tuberculosis  is  one  of  the  conditions  which 
will  confront  us  during  and  after  the  war.  Inefficient  medical  examina- 
tion compelled  the  return  of  a  considerable  number  of  the  Canadian 
troops  after  all  the  expense  of  preparation  and  movement  to  France. 
The  training  in  sanitation  and  hygiene  of  our  army  medical  officers  will 
enable  us  to  deal  with  the  problem  when  it  comes  back  to  us,  but  our 
people  also  must  be  educated  as  to  our  needs. 

The  Medical  Officers  Reserve  Corps  is  being  as  well  drilled  as  the 
army  officers.  Such  training  develops  men,  hardens  them,  and  prepares 
them  to  submit  to  and  to  insist  upon  discipline.  It  will  enable  them  to 
exert  authority  in  the  lines  in  which  they  have  been  educated,  as  well  as 
make  them  feel  that  they  are  the  equal  of  the  army  officers  in  the  man- 
agement of  the  privates  and  can  take  temporary  command  if  necessary. 
This  training  would  be  superb  if,  in  addition,  instruction  in  sanitation, 
hygiene,  and  the  treatment  of  injuries  and  infections,  and  special  train- 
ing in  the  lines  of  their  medical  service,  could  be  given.  Such  instruc- 
tion is  greatly  needed,  for,  while  it  is  supposed  that  this  primary  knowl- 
edge is  possessed  by  all  physicians,  very  frequently  the  lines  of  their 
medical  appUcation  or  specialty  have  in  no  way  fitted  them  for  army 
service.  The  army  needs  20,000  physicians.  I  believe  we  shall  get 
them.  Some  hundreds  of  our  physicians  have  already  been  helping  all 
the  nations  engaged  in  this  great  war,  having  volunteered  their  services 
long  since,  purely  in  the  interests  of  humanity.  It  would  be  most  un- 
fortunate if,  because  of  a  failure  on  the  part  of  the  regular  profession  to 
come  forward,  those  practising  the  various  cults  and  fads  of  medicine 
are  admitted  to  the  Medical  Officers  Reserve  Corps  by  Congress  on  the 
contention  that  the  half-trained  are  better  than  none  at  all.  The  den- 
tists are  volunteering,  and  it  is  now  planned  that  there  will  be  one  dentist 
for  every  1000  recruits,  and  that  soldiers  are  not  to  be  rejected  for  ordi- 
nary diseases  of  the  mouth  and  teeth,  as  they  will  be  looked  after 
while  in  service.  In  this  respect  we  are  in  advance  of  all  the  countries 
at  war  except  Canada.  Schools  of  chiropody  have  been  started  by  the 
Government  in  the  larger  military  camps,  one  special  man  being  trained 
for  each  100  recruits. 

That  medical  difficulties  will  arise  in  our  own  country  is  evident  from 
the  fact  that  already  in  some  communities  the  doctors  have  joined  the 
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Officers  Reserve  without  consulting  one  another,  thus  leaving  the  people 
of  their  communities  uncared  for.  The  railroads  and  hospitab  must  be 
looked  after,  and  there  should  be  more  careful  consultation  in  county  and ' 
state  societies  to  arrange  medical  service  so  that  our  home  people  may 
not  be  too  seriously  neglected.     This  is  a  vital  point. 

We  have  in  this  country  approximately  140,000  physicians;  we  lose 
nearly  SOOO  of  them  a  year  by  death.  In  1900  it  was  estimated  that 
about  5500  were  graduated  each  year.  The  increased  preliminary  prep- 
aration, the  added  years  of  study,  and  the  greatly  increased  expense  in 
the  medical  profession  over  that  of  business,  the  years  of  struggle  to 
gain  recognition,  and  the  elimination  of  40  per  cent  of  our  medical  schools 
(the  worst  ones),  have  all  resulted  in  a  steady  reduction  of  the  number 
of  physicians  to  our  population,  which  has  increased  nearly  20,000,000 
during  the  same  period.  Preventive  medicine,  public  instruction  as  to 
its  benefit,  pure  water  and  food,  and  the  work  of  the  trained  nurse  have 
made  up  much  of  the  deficiency. 


ey  Google 


ABSOLUTELY  NECESSARY  MICROSCOPIC  DIAG- 
NOSIS* 

WM.    CARPENTER  MACCARTY 


The  rdle  which  expert  microscopic  diagnosis  plays,  and  should  play, 
in  the  practice  of  the  science  of  medicine  may  best  be  appreciated  by  a 
study  of  figures. 

The  subject  may  well  be  treated  from  three  standpoints,  each  pos- 
sessing practical  and  important  significance,  not  only  from  a  diagnostic 
standpoint,  but  from  a  standpoint  of  justice  and  efficiency  rendered  to 
the  general  public. 

The  day  of  dressed  diagnosis  and  prescription  therapy  has  given  way 
to  accurate  physical  examination  and  therapy,  which  knows  nothing  but 
the  rendition  of  the  most  e£Bcient  service  to  the  patient,  regardless  of 
types  of  therapy. 

The  relation  of  the  expert  microscopist  to  this  service  may  be  divided 
into  the  following  three  groups  of  activities  from  a  diagnostic  standpoint: 
(1)  Confirmation  of  clinical  diagnosis.  (2)  Correction  of  clinical  diag- 
nosis.    (3)  Clinical  diagnosis. 

In  so  far  as  pathologic  tissues  are  concerned,  each  may  be  seen  in  the 
accompanying  tables. 

There  are  three  points  of  observation,  that  is,  the  clinical,  surgical, 
and  pathologic,  each  of  which  serves  as  a  means  of  reckoning  the  duty 
which  the  medical  profession  owes  its  clientele. 

TABLE  1.— FROM  A  CLINICAL  STANDPOINT 

Number  of  patients  registered  in  July,  1917 475! 

Number  of  operations 1699  (  3fl  per  cent) 

Number  of  surgical  specimens 10+6  (44  per  cent) 

Number  of  necessary  microscopic  diagnoses 408  (4.3  per  cent) 

Number  of  specimens  removed  tor  diagnosis 179  (3.5  percent) 

Operative  cases 135  per  centi 

Operative  cases  producing  surgical  specimens  . . (ii  per  cent) 

Operative  cases  producing  specimens  for  diagnosis (3.5  per  cent) 

Operati'.'e  cases  needing  microscopic  diagnosis (4,3  per  cent) 

•  Presented  before  the  Southern  Minnesota  Medical  Sociely,  Mankato.  Minnesota, 
November  46.  1917.     Reprinteil  from  Minn.  State  Med.  Jour..  19IH,  i. 
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It  may  be  seen  that,  of  all  patients  who  come  to  examioation,  re- 
gardless of  the  physical  ailment,  3.5  per  cent  cannot  be  diagnosed  clini- 
cally, in  so  far  as  tissues  are  concerned,  without  the  ^d  of  the  expert 
tissue  microscopist,  and  that  22  per  cent  of  all  patients  possess  definite 
pathologic  tissues  which  may,  and  probably  should  be,  removed. 

The  question  of  how  many  patients  possess  lesions  which  must  be 
diagnosed  microscopically — bacteriologic,  blood,  and  tissue  examina- 
tions excepted^may  be  answered  by  saying  that  4.3  per  cent  of  all 
patients  present  tissues  which  of  necessity  require  microscopic  diagnosis. 
These  figures  are  of  the  greatest  importance  in  showing  the  inefficiency 
of  hospital  and  private  practice,  which  is  carried  on  without  the  aid  of 
expert  tissue  microscopy. 

TABLE  i.— FROM  A  SURGICAL  STANDPOINT 

Number  of  pstieDU  registered  July,  1817 4758 

Number  of  operations 1699 

Number  of  surgical  sp«cimeDB '.   104B 

Number  of  necessary  microscopic  diagnoses SOB 

Number  of  specimens  removed  tor  diagoosb 179 

Operationa  yielding  specimens . , 61  per  cent 

Operations  needing  microscopic  diagnosis 18  per  cent 

In  the  second  table  there  is  food  for  thought  for  the  operator  who 
works  without  the  aid  of  immediate  expert  tissue  microscopy.  It  may 
be  seen  that  61  per  cent  of  all  operations  yield  surgical  specimens,  and 
that  IS  per  cent  of  all  operations  require  the  assistance  of  tissue  micros- 
copy. 

TABLE  3.— FROM  A  PATHOLOGIC  STANDPOINT 

Number  of  patients  registered  in  July,  1917 47fi« 

Number  of  operations 1699 

Number  of  surgical  specimens ID46 

Number  of  necessary  microscopic  diagnoses i08 

Number  of  specimens  removed  for  diagnosis 119 

Number  of  specimens  removed  fardiagnosts  needing  microscopic  diagnosis     149 

Surgical  specimens  needing  microscopic  diagnosis 19.8  per  cent 

Diagnostic  specimens  needing  microscopic  diagnosis 83     per  cent 

In  the  third  table  the  so-called  "gross  pathologist"  may  see  his  limi- 
tations in  so  far  as  his  aid  to  surgical  and  clinical  procedure  is  concerned. 

Of  1046  surgical  specimens,  it  was  absolutely  necessary  to  resort  to 
the  microscope  in  19.8  per  cent,  which  is  practically  one  out  of  every  6ve. 
If  such  organs  as  the  appendix,  gallbladder,  and  ovary,  all  of  which  rarely 
need  a  microscopic  diagnosis,  be  excluded  in  reckoning  the  percentage, 
it  may  be  seen  that  the  necessity  of  microscopic  diagnosis  jumps  up  to 
28  per  cent. 
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TABLE   4.— PERCENTAGE    RECKONED    WITHOUT    APPENDIXES.   GALL- 
BLADDERS. AND  OVARIES 

Number  ol  surgical  specimens 1046 

Numtier  of  appendixes,  gallbladders,  and  ovaries 321 

Number  of  surgical  specimens  minus  appendixes,  gallbladders,  and 

ovaries 725 

Number  of  oecessary  microscopic  diagnoses 207  (18  per  cent) 

That  there  b  a  great  organic  variability  of  the  necessity  for  such 
precision  may  be  seen  in  Table  5 : 

TABLE  5.— NECESSARY  MICROSCOPIC  DIAGNOSES  WTTH  RESPECT  TO 
ORGANS  AND  ANATOMIC  REGIONS 

Cuv  Hkkikwic 

Appendix 181  0 

Breast 29  5  (17    per  cent) 

Extremities 13  7  (5      per  cent) 


Gemto-uriosry  sjrstem S3  7  (13    per  cent)  . 

Bladder 3  0 

Epididymis «  0 

Kjdney 20  S  (24    per  c«nt) 

Prostate 20  1  (5      per  cent) 

Rectovaginal  septum 1  0 

Seminal  vewcles 3  1  (33    per  cent) 

Testicles ■. 2  0 

Vas  deferens S  0 

Head 7  2  (28  percent) 

Cheek  (tumor) 1  0 

Jaw  (tissue) 1  1  (100  per  cent) 

Lip  (epithelioma) 2  0 

SoJp S  1  (33    per  cent) 

Intatinea 28  13  (46    per  cent) 

Colon 3  2  (66    per  cent) 

Duodenum 3  0 

Intestine  (large) 1  0 

Rectum ,  .  IB  9  (60   per  cent) 


Sigmoid 4  2  (fiO   per  cent) 

Up  and  ^nds 3  S  (100  per  cent) 

Neck 34  11  (32    per  cent) 

GUods 22  7  (31    per  cent) 

I^iynx 1  0 

Parotid  (tumor) 6  2  (33   per  cent) 

Tissue  or  tumor 5  2  (40   per  cent) 

Stomach 14  10  (71    per  cent) 

Thyroid 17S  3  (1.7  percent) 

Trunk U  *  (56    per  cent) 

Uterus,  tubes,  and  ovaries 17  3  (17    per  cent) 

Uterus 62  5  (9      per  cent) 

Tubes 48  4  (8      per  cent) 

Ovaries S6  1(1.7  percent) 

Sanitarium  laboratory ,  161  64  (39    per  cent) 

Clinic  (specimen  for  examination) 46  46  (100  per  cent) 

Hospital  (specimen  for  examination) 34  20  (98    pCT  cent) 

The  figures  shown  in  the  foregoing  tables  clearly  show  the  necessity 
of  the  intimate  affiliation  of  the  tissue-pathologist  with  both  the  clin- 
ician and  the  surgeon. 
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It  must  be  remembered  that  these  figures  represent  activity  carried 
on  by  men  who  have  been  especially  trained  by  a  large  experience  ob- 
tained by  whole-time  devotion  to  their  subject.  They  are  not  figures 
which  might  obtain  in  the  hands  of  intern  pathologists,  or  persons  who 
do  pathology  as  a  side  line,  or  by  professors  who  teach  the  subjects 
of  immunology,  serology,  bacteriology,  and  postmortem  pathology,  all 
under  the  subject  of  pathology,  but  by  men  who  do  nothing  but  study 
fresh  tissues  in  their  relation  to  clinical  medicine.    ' 

It  may  not  be  out  of  place  at  this  time  to  state  a  few  facts  relative 
to  other  branches  of  clinical  microscopy,  each  of  which  is  conducted  by 
specialists.  During  the  same  month,  in  which  4752  patients  were  exam- 
ined in  the  Mayo  Clinic,  there  were  4825  examinations  of  urine,  2000  ex- 
aminations of  blood,  250  examinations  of  the  stool,  165  examinations  of 
sputum,  and  258  miscellaneous  examinations,  all  of  which  were  micro- 
scopic, and  all  of  which  were  necessary,  either  from  the  positive  or 
negative  standpoint. 

In  summing  up  these  figures  it  may  be  stated,  from  the  point  of  view 
of  the  clinical  microscopist  in  all  branches,  that  it  was  necessary  to  make 
7706  microscopic  diagnoses,  all  of  which  positively  or  negatively  affected 
the  diagnosis  and  prognosis  of  the  patients. 

There  seems  to  be  one  conclusion  to  be  drawn  from  these  facts, 
namely:  The  practice  of  medicine  to  occupy  a  place  in  science  and  to 
render  justice  to  the  patient  who  places  faith  in  the  sincerity  and  ac- 
curacy of  the  profession,  cannot  be  justly  and  efficiently  carried  out 
withtiut  the  assistance  of  expert  or  specialized  microscopy  as  practised 
in  the  various  specialties. 
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In  reviewing  the  present  status  of  tissue  pathology  and  its  terminol- 
ogy in  relation  to  chnical  medicine,  it  seems  that  there  has  been  a  sta- 
tionary period  of  about  twenty  years  in  which  it  has  not  rendered  the 
greatest  degree  of  eflScient  service. 

It  is  possible  that  this  period  of  quiet  had  its  origin  in  the  fact  that 
tissue-pathologists  were  dealing  with  end  results  as  seen  at  necropsy, 
plus  postmortem  changes  and  the  imperfections  of  methods  of  6xation, 
all  of  which  probably  misrepresent  the  facts  as  they  exist  during  life. 
The  resultant  conception  made  upon  both  pathologists  and  clinicians  is 
somewhat  comparable  to  that  obtained  in  the  study  of  sj-stematic  bot- 
any from  dried,  pressed  specimens  as  compared  with  that  derived  from 
growing  specimens  in  the  field,  or  the  conception  of  birds  which  is  de- 
rived from  stuffed  skins.  Such  artificial  and  unnatural  methods  of 
study,  however,  certainly  have  their  place  in  science  and  should  not  be 
condemned.  Without  them  we  should  never  have  reached  our  present 
knowledge;  but  their  usefulness  as  makeshifts  is  losing  its  value  in  the 
presence  of  newer  methods  and  observations  in  pathology,  clinical  medi- 
rine,  and  general  biology. 

The  second  probable  reason  for  the  quiet  of  investigation  in  tissue 
pathology  may  be  the  fact  that  bacteriology,  with  its  closely  related 
sciences,  such  as  immunology  and  serology,  has  made  its  greatest  ad- 
vances during  the  last  twenty-five  years  and  has  drawn  men  of  vision, 
imagination,  and  initiative  away  from  tissue  pathology. 

The  pupils  of  such  great  teachers  of  tissue  pathology  as  Virchow, 
Cohnheim,  Ribbert,  Rokitansky,  Chiara,  Orth,  Borst,  Welch,  Council- 
man, Hektoen,  LeConte,  MacCallum,  Adami,  and  others  have  become 
immunologists,  bacteriologists,  serologists,  sanitarians,  and  cancer  ex- 
perts. 
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The  field  of  tissue  pathology  has  been  practically  deserted.  Hospi- 
tals and  teaching  institutions  are  beginning  to  realize  the  great  dearth  of 
efiBcient  men  to  cany  on  tissue  investigations  for  clinical  diagnostic 
purposes  which  they  realize  are  absolutely  necessary  for  efficient  medical 
and  surgical  practice. 

As  examples  of  the  necessity  of  expert  microscopic  tissue  diagnosis 
to  the  clinician,  su^eon,  and  pathologist,  see  Tables  1,  S,  S,  and  4  on 
pages  795,  796,  and  797. 

These  figures  clearly  indicate  that  clinical  medicine  needs  tissue  ex- 
perts in  order  to  render  efBcient  service  to  the  patient. 

Many  clinicians  and  surgeons  have  the  impression  that  they  can 
make  their  own  patholo|^c  diagnoses,  but  this  is  but  an  impression  which 
is  rarely,  if  ever,  corrected  by  them  statistically.  Such  impressions 
must  be  filled  with  error  in  the  light  of  the  fact  that  tissue  experts  with 
very  extensive  experience  can  diagnose  only  about  75  per  cent  of  all 
specimens  grossly;  and  if  they  rely  upon  old  standards  of  microscopic 
diagnosis,  they  find  themselves  face  to  face  with  a  possibility  of  micro- 
scopic diagnosis  in  only  about  95  per  cent. 

The  clinician's  clinical  diagnostic  error  is  usually  thought  of  as  being 
about  5  per  cent.  As  a  matter  of  fact,  in  such  a  superficial  organ  as  the 
mammary  gland  his  actual  error  is  from  2  per  cent  to  26  per  cent  when  he 
makes  positive  diagnoses.  His  (^parent  error,  by  which  is  meant  that 
error  in  pathologic  terminology  which  does  not  affect  the  patient,  is 
8-50  per  cent. 

His  natural  acuity  and  honesty  have  led  him  to  avoid  clinical  error 
in  from  1  to  57  per  cent  of  different  mammary  conditions  by  uUlimg 
such  terms  as  tumor,  nodule,  mass,  growth,  benign  (P),  malignant  (?}, 
or  by  making  no  diagnosis. 

When  be  utilized  such  a  term  as  carcinoma  (?),  for  example,  which 
he  does  in  8  per  cent  of  his  cases  (1800),  his  guess  is  correct  in  57  per 
cent.' 

These  figures  represent  the  condition  of  diagnostic  efficiency  in  one 
organ  and  compare  favorably  with  the  efficiency  in  the  diagnosis  of 
many  conditions  in  other  portions  of  the  body,  figures  concerning  which 
will  be  published  at  some  future  date. 

The  main  factor  in  which  the  writer  is  especially  interested  at  this 
time,  however,  is  the  terminologic  inefficiency  represented  by  the  clini- 
cian's attempt  to  utilize  detailed  pathologic  terminology  for  clinical 
purposes.     His  code  of  communication  of  ideas  has  an  inefficiency  ot 
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from  1  to  57  per  cent,  which  is  too  large  to  be  scientific,  although  when 
utihzed  with  the  help  of  tissue  pathologists  it  may  not  prove  inefficient 
in  so  far  as  the  patient  is  concerned,  because  what  the  clinician  and 
surgeon  really  want  to  know,  in  the  breast,  for  example.  Is  whether  the 
condition  is  benign  or  malignant,  operable  or  inoperable.  Clinicians 
have  been  led  to  believe,  however,  by  pathologists  that  conditions  are 
either  benign  or  malignant,  which  is  only  theoretically  true. 

The  theoretic  line  of  demarcation  is  similar  to  the  one  dividing  two 
pieces  of  property :  it  has  never  been  seen.  The  fence,  be  it  one  inch  or 
three  feet  thick,  is  the  practical  line  of  demarcation,  and  so  it  is  in  pathol- 
ogy; there  is  a  practical,  histologic,  biologic,  and  clinical  line  which  was 
first  described  before  this  society  in  1908.*  Coineidentally  with  this 
description,  a  new  observation  was  made  relative  to  the  role  played  by 
regeneration  in  the  life-history  of  tissues  and  the  recognition  of  the 
process  of  regeneration  as  a  protective  process  of  cells  against  an  antag- 
onistic environment. 

It  was  later  recognized  that  this  reaction  of  cells  is  similar  to  the  pro- 
tective activities  of  all  living  matter. 

It  was  seen  that  during  the  structural  and  functional  evolution  of 
multicellular  organisms  certain  phenomena  occurred.  Specialization 
and  differentiation  of  cells  were  coincident  with  a  diminution  of  power  of 
reproductivity,  which  in  order  to  preserve  such  cells  or  tissues  in  the 
presence  of  constant  or  periodic  destruction  must  of  necessity  be  carried 
on  by  reserve  cells,  the  function  of  which  is  tissue  reproduction. 

The  reaction  of  these  reserve  cells  (textoblasts)  represented  cellular 
hypertrophy,  hyperplasia,  and  migration,  which  biolc^ically  mean  hy- 
peractivity, reproduction,  and  change  of  environment,  and  clinically 
mean  benignancy,  an  indeterminate  condition,  and  malignancy.  There 
is  one  other  phenomenon  which  is  of  significance  in  association  with 
hyperplasia,  i.  e.,  attempt  at  tissue  differentiation,  which  sometimes 
occurs  in  the  expansive  and  migratory  conditions  of  hyperplasia.  It 
is  well  known  that  the  so-called  malignant  cells  (in  migratory  hyper- 
plasia) attempt  differentiation  when  they  arrive  in  an  environment 
which  is  favorable  to  such  a  change.* 

It  is  the  lack  of  this  phenomenon  in  the  so-called  indeterminate  stage 
which  prevents  the  expert  microscopist  from  prophesying  clinically  just 
what  will  occur.  How  can  he  read  in  undifferentiated  cells  of  living 
structures  just  what  they  intend  to  do? 

It  is  this  stage  which  has  produced  confusion  among  pathologists  and 
•17—51 
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has  caused  some  to  call  certain  conditions  malignant  and  some  to  csH 
them  benign.  It  is  the  stage  of  cytologic  activity  which  makes  the 
differentiation  of  some  chronic  inflammatory  conditions  from  malignant 
conditions  difficult,  in  fact,  impossible. 

It  is  the  biolc^c  significance  and  importance  of  regeneration  with 
its  stages  which  the  pathologists  who  were  dealing  with  dead  tissues  and 
end  results  failed  to  recognize. 

It  is  well  known  that  all  but  a  few  tissues  are  capable  of  Tegeneratimi, 
and  in  the  case  of  most  tissues  the  reserve  cells  are  recognizable. 

The  regenerative  neoplastic  conditions  were  originally  described  in 
the  following  terminology:* 

csrdiomyo- 
chondro- 
endothplio- 
efythro- 


Primary  (reataun»-)  (benign) . 

Secondary  (expandtc)  ? 

Tertiary  (migro-)  (malignant) . 


glio- 
leiomyo- 

melano- 


perithelio- 

polj- 
Thftbdomyiv 


This  conception  has  been  and  is  applied  efficiently  to  tissue  diagnosis 
from  a  clinical  standpoint. 

Although  it  is  applicable  to  regeneration  and  neoplasia,  it  is  not 
representative  of  all  the  visible  biologic  phenomena  which  occur  in  tissue 
reaction,  and  is  not,  therefore,  complete  from  the  standpoint  of  «ther 
the  clinician  or  pathologist,  although  it  has  formed  a  basis  for  study, 
correlation,  and  description  of  all  the  other  phenomena. 

There  are  six  fundamental  reactions  which  manifest  themseli-es 
microscopically  or  macroscopically : 

1.  Cytolysis. 

2.  Atrophy. 

3.  Hypertrophy. 

4.  Neoplasia. 

5.  Differentiation. 

6.  Inflammation. 
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There  are  seven  conditions  involved  in  the  basis  of  the  newer  con- 
ception of  pathology  and  its  terminology: 

1.  TypeofceD. 

2.  Normal  activities  of  cells. 

3.  Biologic  reaction  of  cells  to  antagonists  in  their  environment. 

4.  The  degree  of  reaction  of  cells. 

-5.  The  gross  tissue  manifestations  of  cellular  reaction. 

6.  The  duration  of  reaction. 

7.  The  antagonists  nhich  caused  the  reaction. 


There  are  at  least  iS  different  kinds  of  cells  which  form  human  differ- 
entiated tissue  which  constitutes  the  human  organism: 

cerdiomyo- 


endoUtelio- 

epitheliiv 

erythro- 


leiomyo- 
lympho- 


rtuibdomyo- 
Uctiln- 


There  are  three  degrees  for  each  reaction ; 

CytolyHB; 

1.  Destruction  of  the  cellular  wall. 

i.  Dntruction  of  the  cellular  wall  and  destruction  of  the  nuclear  wall. 

3.  Destruction  of  the  whole  cell. 
Atrophy; 

1.  Reduction  of  the  cytopWn). 

8.  Reduction  of  the  cytoplasm  and  nuclear  plasm. 

3.  Reduction  of  the  whole  cell. 
Hypertrophy: 

I.  IncresK  in  size  of  the  cytoplasm. 

8.  IncresK  in  size  of  the  cytoplasm  and  nuclear  plasm. 

3.  Increase  in  me  of  the  whole  cell. 


c,  Google 


804  WM.   CARPENTER   MacCAKTY 

Neoplasia : 

1.  Hypertrophy  of  regenerative  cells  plus  presence  of  difTerentiated  cells. 

i.  Hyperplasia  of  regenerative  cells  plus  abseDee  uf  diflen:ntUted  cells,  with  or 
without  partial  ditTerentiation. 

3.  Hyperplasia  of  regenerative  cells  plug  migration,  with  Or  without  partial  dif- 
ferentiation. 
Differentiation: 

1.  Partial  grouping  of  eells  according  to  normal  grouping. 

8.  Incomplete  normal  morphology  of  tisBue-4?ells. 

3.  Complete  normal  grouping  and  normal  morphology  of  tissue-celli. 
Inflammation: 

1.  The  cardinal  signs  of  inflammation  (rubor,  tumor,  calor,  and  dolor). 

8.  Rubor,  tumor,  calor,  and  dolor,  plus  ulceration, 

3.  Rubor,  tumor,  calor,  and  dolor,  plus  pus. 

The  biologic  reactions  sometimes  manifest  themselves  grossly  as: 
I.  Circumscribed 
!.  Non-circumscribed 

':  vt^         I  «"■»"»" 

«.  c..  ■ 


«.  C..tl 
6.  Ulcei 


They  occur  in  relation  to  time  na: 
I:  cE^nic  }  ■»"■"•»" 

If  these  facts  be  correlated,  they  arrange  themselves  in  the  following 
manner,  which  gives  a  plastic  but  definite  terminologic  key  to  most  of 
the  pathologic  conditions  which  we  find  in  tissues. 

csrdiomyo- 

endothelio 
epithelio- 


circumscribed 
non-circumacnbed 
papillary 
polypoid 


leuko- 

{  primary      I        lipo- 
secondary  [    '    lympbo- 
tertiary      J        melaoo- 

perithelio- 

rtiabdomyo- 

sebo- 

tactilo- 


The  clinician  can  recognize  positively  only  those  conditions  which 
are  italicized,  although  he  might  possibly  recognize  some  of  the  con- 
ditions under  the  question  marks: 


cytolyns 
hjTwrtropby 
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f  rircumjcriinf 
^    j    papiUars 

[  uUeralfd 


(  primnry  "l 
i  secondary  i 
[  tertiary      ] 


eardiomyo- 


endothelio- 
epilhelio- 

erythro- 

leioioyo- 

leuko-  f  ryfolyii 

lipo-  I  atrophy 

lympho-  I    I   hypertrophy 

melano-  \     \   teoplatia 


periOielio- 

poly- 
rhabdo- 


Time  does  not  permit  a  detailed  elucidation  with  examples  of  the 
application  of  thb  conception.  Although  not  yet  perfect  and  com- 
plete, it  oiTers  a  simple  conception  with  a  simple  code  of  communica- 
tion; it  is  histologically,  clinically,  biologically,  and  scientifically  more 
efficient  than  the  chaotic,  extravagant,  inconsistent,  empirical,  and 
clinically  inefficient  conception  and  terminology  of  tissue  pathology 
which  has  come  down  to  us  from  that  great  and  essential  period  of  ob- 
servation and  description  which  shall  ever  be  remembered  in  association 
with  the  great  masters  of  pathology  who  had  a  scientific  strength  of  con- 
viction which  was  great  enough  to  break  away  from  the  mystic  empiri- 
cism of  the  ages  which  had  preceded  them. 

In  conclusion  it  must  be  stated,  in  the  presence  of  this  body  of  pro- 
gressive surgeons  of  America,  that  this  new  conception,  as  it  exists,  was 
not  possible  without  a  study  of  early  conditions  and  processes  which  was 
made  possible  by  what  might  be  called  prophylactic  operative  surgery 
as  it  is  being  practised  in  association  with  expert  microscopy. 
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The  condition  which  has  been  called  cancer  by  the  laity  and  the 
medical  profession  has  been  studied  by  the  latter  largely  from  the  stand- 
point of  disease.  Investigators  have  considered  its  great  destructive 
action,  cause,  prevention,  and  treatment,  all  of  which  study  has  been 
stimulated  by  the  urgent  necessity  of  the  eradication  of  cancer  from  the 
ills  of  man,  and  not  in  its  relation  to  the  known  biologic  facts  concerning 
the  universal  conflict  between  living  normal  cells  and  their  natural 
enemies.  In  order  to  approach  correctly  this  biologic  phase  of  the  con- 
.  dition,  it  will  be  necessary  to  answer  the  question:  What  is  canoerP 

To  the  pathologist,  cancer  is  a  cellular  overgrowth  which  occurs  in 
some  multicellular  organism,  especially  in  man,  characterized  by  its 
apparently  unlimited  proliferation,  during  which  it  destroys  tissues  and 
is  fatal,  eventually,  to  the  whole  organism.  This,  in  general,  b  the  con- 
ception held  by  the  members  of  the  medical  profession,  but  to  the  s<nen- 
ti£c  mind  interested  in  and  trained  in  the  fundamental  or  more  specific 
factors  operating  in  living  nature,  it  is  neither  satisfactory  nor  sufficient. 

An  analysis  of  the  condition  from  such  a  biologic  point  of  view  neces- 
sitates also  for  its  elucidation  a  study  of  the  facta  relative  to  the  evolu- 
tion of  multicellular  organisms  from  single  cells  as  units  of  life.  Biolo- 
gists agree  that  the  cell  is  the  visible  unit  of  life,  and  that  all  cells  have 
certain  fundamental  structural  and  functional  characteristics  common 
to  all.  They  further  agree  that  all  multicellular  beings  evolve  by  a 
process  of  division  or  segmentation  of  a  single  cell  which  has  been  stimu- 
lated automatically  or  by  the  process  of  extrinsic  fertilization  to  such 
activity. 

During  the  process  of  segmentation  certain  dominant  facts  present 
themselves.  A  fertilized  ovum,  for  example,  divides;  the  cellular  divi- 
sions divide;  these  continue  to  divide  and  form  eventually,  in  a  definite 
period,  the  millions  of  cells  which  constitute  the  organism.  This  is  a 
simple  statement  of  general  facts,  but  coincidental ly  with  these  facts 
*  Rpprintnl  trom  Amcr.  NntunilUt,  1918. 
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there  is  an  orderly  sequence  of  cellular  changes  which  seeras  to  be  fore- 
ordained in  the  original  fertilized  ovum;  the  cellular  progeny  does  not 
retain,  to  the  same  degree,  all  the  structural  and  functional  character- 
istics of  the  original  cell  (ovocyte).  There  is  a  grouping  of  cells  coinci- 
dent with  morphologic  and  functional  differences.  Out  of  such  differen- 
tiation and  specialization  of  celb  types  of  cells  arise,  groups  of  which 
constitute  what  are  called  tissues  (adenotex,  chondrotex,  endotheliotex, 
epitheliotex,  erythrotex,  fihrotex,  etc.)  (Fig.  325).  Two  or  more  of  the 
different  tissues  become  grouped  to  form  organs  (tongue,  esophagus, 
stomach,  liver,  kidneys,  skin,  etc.)  which  likewise  are  grouped  to  build 
up  structural  and  functional  systems  (respiratory,  alimentary,  nervous, 
osseous,  etc.),  the  combined  qualities  of  which  form  the  complete  multi- 
cellular organism  or  being.  Such  orderly  evolutional  facts  apply  to  the 
development  of  all  animal  and  vegetable'  multicellular  beings  (Fig.  326), 

Out  of  the  essential  living  properties  of  a  single  cell  other  cells  de- 
velop which  have  in  them  an  exaggeration  of  some  essential  initial 
quality,  each  tissue  representing  an  exaggeration  of  some  one  quality. 
Such  evolutionaiy  cytologic  organization  produces  a  communism  of 
living  units,  the  combined  apparent  and  dominant  purpose  of  which  is 
to  live  and  reproduce  its  kind. 

A  biologist,  if  asked  the  ultimate  purpose  of  life,  would  shake  his 
head  and  say  he  did  not  know,  but  asked  the  immediate  and  dominant 
purpose,  would  say  the  protection  of  life,  and  this  protection,  even  at  the 
expense  of  life,  an  apparent  contradiction  which  has  been  recognized  but 
not  comprehended  even  by  scientists.  The  evidence  of  this  great  pro- 
tective purpose  of  living  matter  is  too  universal  to  be  called  to  the  atten- 
tion of  the  least  observing;  it  works  automatically  and  in  a  large  degree 
independently  of  the  will  of  living  beings. 

This  fundamental  vital  protective  purpose  forms  the  basis  of  the  fol- 
lowing consideration  of  cancer's  place  in  general  biology.  It  presup- 
poses the  fact,  and  observation  substantiates  it,  that  all  living  cells 
have  natural  antagonists  against  which  protection  is  necessary,  and  that 
there  is  a  conflict  in  nature  during  which  there  is  constant  building  up  and 
tearing  down  of  things  living.  The  human  body  is  no  exception  to  this 
rule,  as  every  physician  and  layman  knows.  The  tearing  down  is  called 
disease,  and  the  rebuilding  is  called  regeneration,  repair,  and  healing. 

The  partial  destruction  of  a  human  tissue  by  animate  or  inanimate 
antagonists  may  he  followed  by  its  regeneration;  the  complete  destruc- 
tion may  be  followed  by  repair  or  replacement,  but  not  by  its  regenera- 
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tion.*    The  degree  of  regeneration  of  tissues,  according  to  the  observa- 
tions of  biologists,  is  in  an  in%'erse  ratio  to  the  degree  of  their  specializa- 

•  This  statement  may  not  .lepra  to  be  true  when  applied  to  some  of  the  lower  forms  of 
lite,  suehas  theeHrthwonn(.4fWDfcopAorn/ff/»/a)8nd  the  planarii,  in  which  organizs tin ns 
certain  tissues  are  regenerated  afler  apparent  eomplete  destruction.  The  destruction  is, 
however,  not  complete  in  such  cases  l)ecBiise  the  normal  reftenerative  power  resides  in 
other  cells,  which,  by  the  proce.ts  of  metflplH.iia.  build  up  tissues  they  do  not  form  in  the 
norma)  sequence  of  evolution. 
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tion  and  differentiation.  One  finds,  therefore,  this  regenerative  fsctiff 
a  variable  and  unequal  quantity  among  tissues  of  the  human  body. 
The  protective  tissue  cells  (epitheliocytes)  of  the  skin,  for  example,  are 
readily  regenerated  if  not  completely  destroyed  over  a  large  area;  the 
cells  of  the  retina  in  all  prob- 
ability are  ne^'er  r^enetaW 
even  after  partial  destructkn. 
Fibrocytic,  erythrocytic,  ^itbe- 
tocytaa 


liocytic,  and  leukocjftic  tissues 
in  all  probabili^  represent  tj-pes. 
the  special  functions  (4  wbicit 
show  the  highest  degrees  of  re- 
generation. 

In  many  tissues  of  the  body 
coincidentally  to  normal  com- 
munistic  activity  there  is  con- 
stant or  periodic  normal  destnK- 
tion,  with  constant  or  poiodic 
regeneration,  both  of  which  de- 
pend on  communistic  functional 
activity  and  a  constant  or  peri- 
odic destructive  action  <^  ui- 
tagonistic  agents.  The  amouat 
TeitB  ■.•  ■  ^£  regeneration  depends  on  the 
amount  of  destruction  whidi  d^ 
pends  on  the  quality,  quantity, 
and  duration  of  action  of  the 
destructive  agent  or  agents. 

Tissue-destruction  and  re- 
generation were  made  the  sub- 
ject of  investigation  by  the  wHtn 
in  l^e  protective  cells  of  the 
human  skin  (f^g.  S97)  and  in 
the  secretory  ^ithelium  of  the 
One  finds  in  these  organs  that  some 
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human  mammary  gland  (Fig.  328) 
unknown  irritant  or  irritants  of  an  apparent  low  degree  of  virulence,  artbg 
over  a  prolonged  period  of  time,  produce  certiun  reactive  cellular  phenom- 
ena; there  is  first  a  destruction  of  the  specialized  and  differentiated 
cells  (textocytes).    This  destruction  is  associated  with  an  hypertrophy  of 
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the  so-called  basal  cells  (cells  of  the  stratum  germin&tivum,  or  texto- 
blasts)  and  a  lymphocytic  infiltration  in  the  supporting  stroma. 

I  shall  not  consider  here  the  factor  of  lymphocytic  infiltration.  The 
hypertrophy  of  the  so-called  basal  cells,  however,  is  of  great  impor- 
tance from  the  standpoint  of  the  subject  under  consideration. 

One  sees  clearly  that  nature,  in  building  up  the  specialized  and  differ- 
entiated protective  cells  of  the  skin  and  the  secretory  cells  of  the  mammary 
gland,  has  also  made  pro- 
vision for  an  anticipated    PrlD  I 
destruction,  an   antici- 
pation which  is  no  more 
remarkable    in    nature 
than  that  of  the  butter- 
fiy,  which  deposits  its 
eggs  in  a  safe  place  and 
dies  with  theinherent  as- 
suredness that  the  eggs  Secondary  Cytopla.l.. 
will  some  day  develop 
into     caterpillars    and 
eventually  into  butter- 
flies, to  continue  the  ex- 
istence of  the  kind.     In 
the  case  of  the  celb  of  the 

skin  and  the  mammary  Tartitry  Cytoplai 
gland,  if  the  irritant  is 
removed,  complete  re- 
generation of  differen- 
tiated or  specialized  cells 
takes  place  provided 
the  basal  cells  them- 
selves have  not  been  »arDocyioi>iiuui. 
completely  destroyed. 

Continuance  of  the  action  of  the  destructive  agent  or  agents  produces 
hypertrophy,  hyperplasia,  and  migration  of  the  basal  or  regenerative 
cells  (Figs.  327  and  328).  Coinciden tally  with  such  a  hyperplasia  the 
basal  cells  (textoblasts)  do  not  always  become  differentiated  to  the  form 
of  the  specialized  squamous  or  secretory  cells,  according  to  their  com- 
munistic normal  foreordination ;  they  retain  their  oval  or  spheroid 
form,  become  larger,  and  produce  a  massed  overgrowth  of  undifferenti- 
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ated  cells  (Fij{s.  ili?  and  SiH).    The  degree  of  hyperplasia  and  migra- 
tion varies  under  different  and  perhaps  the  same  irritative  circumstances, 
depending  on  inherited  variable  factors  in  the  basal  cells,  the  neighbor- 
ing tissue-cells,  their  food  sup- 
rnum  ctnmnA  ,  ,       ■  i     ■  , 

ply,  natural  drainage,  and  per- 
haps some  unknown  factors. 
The  significant  biologic  facts 
rest  in  the  attempted  cellular 
"'  "  regeneration  by  hypertrophy 
"**  *  *  and  hyperplasia,  and  the  effort 
to  change  environment  by  mi- 
gration, all  of  which  may  be 
seen  not  only  in  the  breast  and 
skin,  but  also  in  the  specific  cells 
of  the  hair-follicle,  prostatic 
gland,  and  stomach  (Figs.  329, 
SIM),  and  SSi). 
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A  change  of  environment  through  overgrowth  or  migration  often 
stimulates  or  allows  an  attempt  at  differentiation  into  the  specific  tissue- 
cells  for  which  the  original  reserve  or  regenerative  cells  (lextoblasts) 
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^■ere  apparently  foreordained  in  the  normal  evolution  of  tissues.  This 
is  evident  in  cancerous  new-growths  which  have  migrated  into  other 
tissues,  and  in  regional  lymphatic  glands  which  are  the  favorite  locations 
of  environmental  change  for  such  migrants. 

Cellular  regenerative  reaction  takes  place  in  one  or  both  of  two  ways : 
There  is  hyperplasia  with  or  without  differentiation,  A  hyperplasia 
with  differentiation  into  specific  tissue-cells  may  be  called  textotypic, 
in  contradistinction  to  t^at  without  differentiation,  which  may  be  termed 
cytotypic.     This  occurs  before  and  after  migration. 

According  to  writers  on  the  subject  of  cancer  the  principal  criterion 
for  the  denotation  of  a  condition  by  this  term  consists  of  the  destructive 


Fig.  SSI.— Tlir  mdion 


.ertiary  ■dmocylapUnL 
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migration  of  tissue-cells.  Such  neoplasms  have  been  often  considered 
to  be  direct  derivatives  of  tissue-cells  because  their  cells  sometimes  re- 
semble those  of  specific  tissues  of  organs  from  which  they  have  arisen. 
As  a  matter  of  fact,  the  malignant  neoplastic  cells  (neocytes)  do  some- 
times resemble  the  specific  tissue-cells  of  the  site  of  origin,  but  this  is 
not  evidence  that  the  tissue-cells  themselves  have  been  converted  into 
the  cells  which  at  best  never  are  morphologically  and  functionally  identi- 
cal with  the  original  tissue-cells. 

According  to  the  observations  of  the  writer,  the  cells  which  constitute 
cancer  are  the  progeny  of  the  partially  differentiated  or  reserve  cells 
(teztoblasts),  which  have  for  their  natural  communistic  function  the 
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protective  restoration  of  the  specific  tissues  when  the  latter  have  been 
destroyed.  It  may  he  asked,  how  can  a  condition  which  will  certainly 
destroy  the  whole  organism  be  the  result  of  a  protective  principle? 
This  perfectly  natural  question  can  be  answered  only  by  stating  a  general 
principle  in  biology,  namely,  that  regenerative  changes  do  not  always 
consider  the  communistic  adaptation  of  the  whole  organism.  It  is  a 
manifestation  of  a  principle  which  is  inherent  in  cells,  cytologic  life  being 
primary,  and  tissue  or  organic  life  secondar]^.  Thus,  the  planarian, 
in  response  to  certain  stimuli,  produces  a  new  head  when  it  already  pos- 
sesses one;  the  actinian  produces  a  new  mouth  on  the  side  of  its  body, 
under  certain  regenerative  conditions.  Protective  migration  of  animals 
as  a  result  of  food  famine  not  infrequently  leads  to  their  complete  de- 
struction. 

In  the  case  of  the  human  being  there  is  no  more  fitting  example  of  a 
fatal,  protectivecommunisticacttonof  cells  than  that  which  occurs  when 
he  obtains  a  severe  and  destructive  bum  about  the  mouth  or  in  the 
esophagus.  Under  such  circumstances  the  fibroblasts  in  the  region 
,  become  hypertrophic,  hyperplastic,  differentiated,  and  specialized  into 
dense,  contracting  scar  tissue,  which,  if  the  destruction  has  been  great 
enough,  may,  as  a  communistic,  regenerative,  protective  process,  in- 
herent in  the  fibroblasts,  completely  close  the  orifice  of  the  mouth  or 
esophagus,  the  result  of  which  is  starvation  and  destruction  of  the  whole 
organism.  The  fibroblast's  evolutionary  duty  in  the  communism  is  that 
of  replacing  losses  of  other  tissues,  and  the  duty  is  performed  in  this 
incidence  at  the  expense  of  its  own  life  and  the  life  of  the  organism. 
Thus  it  may  be  seen  that  the  communistic  life  is  secondary  to  the  life 
of  the  cells,  even  in  such  a  wonderful  and  complex  organization  as  the 
human  body. 

The  hyperplasia  or  neoplasia  does  not  even  have  to  be  migratory 
from  a  cellular  standpoint  to  destroy  the  whole  oi^anism  and  thereby 
be  clinically  malignant,  a  term  which  has  been  utilized  by  the  medical 
profession  largely  to  differentiate  cancer  from  other  neoplastic  conditions 
generally  conceived  of  as  benign.  Thus  a  fibroid  tumor  of  the  uterus 
may  be  clinically  malignant,  and  still  not  show  cytologic  signs  of  the 
malignancy  so  characteristic  of  cancer. 

Biologically  speaking,  protection  maybe  divided  into  types:  Cyto- 
typic,  textotypic,  organotypic,  systemotypic,  organismotypic,  familio- 
typic,  raciotypic,  speciotypic,  etc.  Cancer  represents  the  cytotypic 
protection  which  is  of  primary  importance  in  all  protection  of  living 
protoplasm. 
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From  a  biologic  standpoint,  the  three  reactions  of  regenerative  cells 
of  tissues  to  antagonistic  influences  are  hypertrophy  and  hyperplasia 
with  differentiation,  hyperplasia  without  differentiation,  and  hyperplasia 
with  migration,  with  or  without  partial  differentiation.  These  three 
conditions  have  been  termed  cytoplasias  (conditions  of  cells)  and  have 
been  numerically  classified  by  the  writer  as  primary  (restauro-),  second- 
ary (expando-),  and  tertiary  (migro-)  cytoplasia.  This  classification  is 
applicable  to  the  regenerative  celb  of  epithelial  tissue  of  the  mammary 
gland,  prostatic  gland,  skin,  hair-follicle,  stomach,  fibrous  connective 
tissue,  erythrocytic  tissue  (red  blood-corpuscles),  and  lymphocytic 
tissue.  These  represent  eight  tissues  out  of  possibly  twenty-seven  known 
specific  tissues  in  the  human  body.  Doubtless,  there  are  other  specific 
tissues  in  the  human  economy  and  perhaps  some  of  those  already  men- 
tioned may  be  eventually  divided  into  other  specific  tissues.  In  all 
the  following  tissues,  adenotex,  cardiomyotex,  chondrotex,  endotheliotex, 
epitheliotex,  eiythrotex,  fibrotex,  leukotex,  leiomyotex,  lipotex,  lympho- 
tex,  melanotex,  myxotex,  neurotex,  osteotex,  pilotex,  rhabdomyotex, 
and  tendotex,  with  the  exception  of  the  neurotex  and  perhaps  the 
myotex,  the  fact  has  been  demonstrated  that  all  are  regenerated  after 
loss,  the  degree  of  regeneration  varying  considerably  in  the  human  body. 

The  following  classification  of  the  three  biologic  reactive  phenomena 
which  take  place  in  the  regenerative  cells  of  tissues  may  be  made: 


Primary  (restauro-) 
Secondary  (expaado-) 
Tertiary  (migro-) 


chondro- 

endothelio- 

epithelio- 

leimyo- 

lympho- 
melaDO- 


Such  a  nomenclature  of  known  reactive  facts  has  served  the  writer 
as  a  convenient,  simple,  and  practical  biologic,  histologic,  and  clinical 
terminology.  The  writer  does  not  mean  that  these  terms  should  be 
utilized  to  designate  neoplasms.  They  apply  only  to  the  tissue  reac- 
tion, which  is,  after  all,  the  essential  thing  to  be  considered.  Animal  and 
vegetable  neoplasms  represent  only  phases  of  such  reaction. 
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From  a  clinical  standpoint,  a  hypertrophy  and  hyperplasia,  with 
complete  tissue  differentiation  (restauro-cytoplasia),  represents  tissue 
regeneration,  which  is  a  benign  condition  since  it  is  normally  recon- 
structive from  a  communistic  standpoint  instead  of  destructive.  A 
hyperplasia  without  tissue  differentiation  (expando-cytoplasia)  repre- 
sents a  condition  of  the  cells  in  which  no  one  can  foretell  whether  the 
cells  will  become  differentiated  into  tissues,  and  thereby  be  constructive, 
or  migrate  and  become  destructive. 

Such  a  condition  is,  therefore,  in  the  presence  of  science,  a  question- 
able condition.  Its  benignancy  or  malignancy,  in  so  far  as  the  organiza- 
tion is  concerned,  with  our  present  knowledge,  cannot  be  forecast.  The 
probability,  of  possible  migration  may  be  suspected  from  the  frequent 
morphologic  identity  of  these  undifferentiated  cells  to  the  migratory 
cells  of  a  known  malignant  or  cancerous  condition,  the  only  difference 
being  their  location. 

Biologically  considered,  primary  cytoplasia  represents  a  tissue  re- 
generative condition,  the  secondary  cytoplasia  represents  a  neoplastic 
condition,  and  tertiary  cytoplasia  represents  a  neoplastic  migration  to 
regions  foreign  to  the  celb  in  question.  The  whole  field  of  tissue  re- 
placement, tissue  regeneration,  and  benign  and  malignant  (cancerous) 
neoplasms  (new-growths)  is  comprehended  in  these  three  groups. 

The  following  diagram  represents  the  relation  of  malignant  (cancer- 
ous) and  so-called  benign  neoplasms  to  the  evolution  and  organization 
of  the  human  body : 

FertilizBtioD  (Ovocyte  and  apenuBtocyte} 

SegmenUtioii  (Protexlobluts) 

Frodiffetentiatioii*  (Textobluti) 


(MaligOMit  neoplumi) 


*  The  stage  of  prodiRerentiatioa  exists  pienatally  and  postn&tally  and  may  be  6'a- 

Tiished  t«miiiiologically  by  calling  the  prenatal  cells  of  se^meDtation  pTotextoblasts 
the  regenerative  postnatal  cells  textoblasst. 
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Briefly,  in  conclusion,  the  writer  makes  the  following  generalizations 
from  his  experience  in  his  studies  of  cancer's  place  in  general  biology: 

1.  All  multicellular  organisms  represent  communisms  of  cells  which 
have  divided  their  labors  and  become  specialized  and  differentiated  to 
form  tissues. 

2.  Nature  has  provided  for  the  regeneration  of  most,  if  not  all,  tissues 
when  the  tissues  are  partially  destroyed  by  antagonistic  forces. 

3.  In  many  animal  and  vegetable  tissues  the  regenerative  cells  re- 
spond to  tissue  destruction  in  three  degrees,  that  b,  hypertrophy, 
hyperplasia,  and  migration. 

4.  During  hyperplasia  with  or  without  migration  the  cells  sometimes 
attempt  to  differentiate. 

5.  Limited  hyperplasia  with  complete  differentiation  produces  tissue 
regeneration.  Unlimited  hyperplasia  without  complete  differentiation 
produces  the  so-called  malignant  neoplasms. 

6.  Cancer  represents  an  unlimited  hyperplasia  of  regenerative  cells 
of  tissues  plus  migration  without  complete  differentiation. 

7.  Regeneration  (hyperplasia)  without  differentiation  is  a  cytotypic 
protective  process. 

8.  Regeneration  (hyperplasia)  with  differentiation  is  a  textotypic 
protective  process. 

9.  Cancer  is  a  cytotypic  instead  of  a  textotypic  protective  process. 

10.  In  nature  cytotypic  protective  processes  are  sometimes  fatal  to 
the  communism  of  which  the  reactive  cells  are  a  part. 

11.  AH  the  reactions  may  be  designated  by  a  simple  biologic  termin- 
ology which  standardizes  clinical,  histologic,  and  biologic  facts. 
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Intboduction 

Graduate  and  research  work  in  pathology,  clinical  medicine,  and 
surgery  has  been  carried  on  at  Rochester  in  the  Mayo  Clinic  for  several 
years.  In  1919  definite  three-year  courses  in  these  subjects  for  graduates 
in  medicine  were  instituted.  In  1914  the  University  of  Minnesota, 
through  its  Medical  School,  began  graduate  work  in  the  various  fields 
of  medicine  and  surgery  in  addition  to  that  which  had  already  been 
offered  for  some  time  in  the  laboratory  branches.  In  June,  1915,  the 
University  and  The  Mayo  Foundation  entered  into  an  agreement  by 
the  terms  of  which  the  funds  of  the  Foundation  were  devoted,  under 
direction  of  the  Board  of  Regents  of  the  University,  to  graduate  and  re- 
search work  in  medicine.  The  first  arrangement  was  for  a  temporary 
period.  On  September  13,  1917,  the  agreement  was  made  permanent. 
By  the  terms  of  this  agreement  the  University  of  Minnesota  has  entire 
control  of  the  funds  of  The  Mayo  Foundation  and  of  the  graduate  medi- 
cal education  and  research  of  the  Foundation.  Until  such  time  as  the 
funds  of  The  Mayo  Foundation  shall  have  reached  the  sum  of  two  mil- 
lion dollars  by  the  addition  of  accrued  interest,  all  the  current  expenses 
of  the  Foundation  shall  be  borne  by  the  Mayo  Clinic.  On  September 
13,  1917,  The  Mayo  Foundation  fund  amounted  to  $1,650,341.79.  For 
the  fiscal  year  ending  July  31,  1917,  the  expenditures  of  the  Foundation 
were  $140,365.25,  exclusive  of  "overhead,"  i.  e.,  rent,  heat,  light,  etc. 

The  affairs  of  all  the  graduate  work  in  medicine  in  the  University  are 
controlled  by  a  committee  of  eleven  men,  consisting  of  the  President  of 
the  University,  the  dean  of  the  Graduate  School,  the  dean  of  the  Medical 
School,  and  the  director  of  The  Mayo  Foundation,  ex  officio,  and  of  four 
appointive  members  from  the  Medical  School  and  three  appointive  mem- 
bers from  The  Mayo  Foundation. 

1  November  6,  1917,     Bepnntetl  from  thp  Jour.-Luicet, 
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General  Plan 

1.  Object. — The  graduate  work  in  medicine  on  The  Mayo  Foundation 
and  most  of  that  in  the  University  at  Minneapohs  is  not  intended  for 
those  seeking  brief  practitioners'  or  review  courses.  Opportunities  for 
work  of  this  kind  are  to  be  found  in  the  summer  session  of  the  Medical 
School  and  in  the  courtesies  extended  to  visiting  physicians  and  surgeons 
in  the  Mayo  Clinic.  The  object  of  the  University  of  Minnesota  is  to 
place  graduate  work  in  medicine  on  a  university  basis.  By  this  is  meant 
the  placi-ng  of  advanced  graduate  medical  education  on  a  basis  compar- 
able with  that  of  graduate  education  in  the  arts  and  sciences  in  other 
departments  of  universities  of  high  standing.  The  formal  rules  and 
regulations  for  the  guidance  of  the  work  have  had  their  origin  in  the  rules 
and  regulations  which  govern  graduate  training  in  subjects  other  than 
medicine.  Material  modifications  of  these  rules  and  regulations  will 
probably  be  made — for  example,  the  language  requirement  for  students 
in  clinical  branches  has  been  the  subject  of  much  discussion.  Ag^n  it 
may  become  recognized  that  recent  graduates  of  Class  A  medical  schools 
already  have  a  scientific  training  approaching  that  held  by  the  possessors 
of  the  Ph.D.  degree,*  and  some  modification  of  the  graduate  degree 
granted  them  may  be  accordingly  made. 

2.  Entrance  Requirements. — Entrance  upon  the  work  for  the  degree  of 
Ph.D.  in  medicine  in  the  University  of  Minnesota  is  limited  to  those  who 
have— (a)  the  Bachelor's  degree  or  its  equivalent;  (6)  the  degree  of  Doctor 
of  Medicine  from  acceptable  institutions  (that  is,  those  in  Class  A  of 
the  American  Medical  Association);  and  (c)  one  year's  experience  as 
intern  in  an  approved  hospital,  or  as  an  assistant  in  a  laboratory  in  an 
acceptable  medical  school.  In  the  fundamental  laboratory  sciences 
(anatomy,  physiology,  bacteriology,  pathology,  and  pharmacology) 
properly  prepared  students  may  be  admitted  without  the  possession  of 
the  degree  of  Doctor  of  Medicine,  and,  of  course,  without  the  intern- 
ship, as  candidates  for  the  Master's  degree  (M.A.  or  M.S.)  or  the  un- 
modified Doctor's  degree  (Ph.D.). 

3.  Course  Requirements. — For  the  Doctor's  degree  (Ph.D.)  at  least 
three  full  years  of  successful  graduate  study  are  required;  for  the  Mas- 
ter's degree  in  the  laboratory  sciences  a  minimum  of  one  year  of  residence 
is  required.     Each  student  registers  for  a  major  and  a  minor  subject, 
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the  minor  supporting  the  major.  Each  student  takes  both  written  and 
oral  examinations  in  his  minor  and  in  his  major  subject,  and  before 
graduation  presents  a  thesis  in  his  major  subject  which  he  must  further 
defend  in  an  oral  examination  before  the  entire  staff  of  the  department 
in  which  he  is  taking  his  major.  This  examination  also  includes  ques- 
tions in  any  portion  of  the  field  of  the  major. 

4.  Degrees.—On  the  satisfactory  fulfillment  of  the  requirements  the 
candidate  is  recommended  to  the  Board  of  Regents  as  a  proper  recipient 
of  a  graduate  degree.  In  June,  1917,  the  University  granted  the  fol- 
lowing graduate  degrees  in  medical  branches: 

Taylor,  R.,  Doctor  of  Science  (in  Pediatrics). 
Woltmann.  H.  W.,  Doctor  of  Science  (in  Neurology). 
McWhorter,  G.  L.,  Doctor  of  Philosophy  (in  Surgery). 
Morris,  R.  E.,  Doctor  of  Science  (in  Medicine). 
Stewart,  C.  A.,  Doctor  of  Philosophy  (in  Anatomy), 
Crispin,  E.  L.,  Master  of  Science  (in  Medicine). 
McMahon,  F.  B.,  Master  of  Science  (in  Surgery). 
Drips,  Delia  G.,  Master  of  Science  (in  Pathology). 
Pettibone,  Dorothy,  Master  of  Science  (in  Bacteriology). 
Gault,  C.  C,  Master  of  Arts  (in  Physiology). 
Kittetson,  J.  A.,  Master  of  Arts  (in  Anatomy). 
McKinley,  J.  C.,  Master  of  Arts  (in  Anatomy). 

Facilities 

1.  Living  Stipends. — The  stipends  to  be  paid  Fellows  in  the  Graduate 
Medical  School  of  the  University  this  year  aggregate  about  $50,000, 
$10,000  of  which  is  for  fellowships  in  the  Medical  School  of  Minneapolis 
and  $40,000  for  fellowships  at  Rochester.  At  Minneapolis  these  fellow- 
ships pay  $500,  $750,  and  $1000  per  year  for  the  first,  second,  and  third 
years  respectively.  At  Rochester  the  first  year's  stipend  is  $600,  and 
the  second  and  third  years  the  same  as  at  Minneapolis. 

While  these  stipends  are  small,  they  enable  the  graduate  student  to 
pursue  his  work  with  less  worry  than  would  fall  to  his  lot  were  he  earning 
his  way.  The  regular  course  of  training  in  medicine  is  longer  than  that 
given  in  any  other  profession.  To  add  to  this  training  three  years  more 
of  special  preparation  without  providing  some  means  of  living  would 
work  an  injustice  to  students  in  moderate  circumstances.  Fellowships, 
therefore,  are  a  necessity  for  the  great  majority  of  students  continuing 
their  study  after  their  regular  intern  service. 

2.  Libraries. — The  general  medical  libraries  on  the  Campus  in  Min- 
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neapolis  and  in  Rochester  contain  complete  files  of  most  of  the  important 
medical  periodicals.  The  work  in  these  libraries  is  under  the  direction  of 
a  corps  of  well-trained  and  enthusiastic  librarians  and  bibliographers. 
A  good  library,  well  stocked  with  complete  files  of  the  leading  medical 
periodicals,  is  an  absolute  necessity  in  graduate  work  in  scientific  medi- 
cine. While  meager  libraries  may  be  eked  out  by  the  generous  assistance 
of  the  Surgeon-General's  library,  the  student  of  scientific  medicine  must 
have  the  opportunity  to  make  himself  thoroughly  at  home  in  a  well- 
stocked  and  well-arranged  library.  Not  less  important  than  the  books, 
however,  are  trained  assistants.  Many  young  medical  graduates  need 
help  in  learning  to  use  their  time  intelligently  and  efficiently  in  the 
modem  library.  Of  course,  the  librarian  and  bibliographer  should  as- 
sist the  graduate  student  rather  than  do  his  work  for  him. 

S.  Laboratories. — Well-equipped  laboratories  in  the  fundamental 
medical  sciences  (anatomy,  chemistry,  physiology,  pathology,  etc.)  and 
as  adjuncts  to  the  clinical  branches  are  amply  provided  both  in  Minne- 
apolis and  in  Rochester.  Extensive  and  carefully  cataloged  research 
museums  and  well-equipped  departments  for  experimental  work  are 
also  at  hand  in  both  places.  The  graduate  student  must  have  the  best 
of  modern  laboratory  facilities  for  pursuing  his  investigations,  not  only 
in  the  basic  medical  sciences,  but  also  concerning  tissues,  body  fluids, 
and  physiologic  and  pathologic  processes  in  direct  relationship  to  the 
individual  patient. 

4.  BospilaU. — More  than  1000  hospital  beds  furnish  the  clinical 
material  for  the  graduate  students  of  the  University  of  Minnesota. 
Two  hundred  of  these  are  in  Minneapolis  and  800  in  Ilochester.  The 
graduate  student  must  have  the  facilities  at  hand  for  studying  his  pa- 
tients under  orderly  hospital  care. 

5.  Ambulatory  Patients. — At  the  University  in  Minneapolis  and  at 
the  Mayo  Clinic  in  Rochester  between  55,000  and  60,000  ambulatory 
patients  are  examined  annually.  The  graduate  students  must  have  ' 
opportunity  to  examine  for  diagnosis  a  large  number  of  patients.  By 
preference  these  should  be  referred  cases,  since  this  group  contains  a 
high  percentage  of  patients  with  diseases  difficult  of  diagnosis. 

6.  Incentive  to  Investigation. — In  the  Medical  School  at  Minneapolis 
and  in  The  Maj'o  Foundation  and  Clinic  at  Rochester,  a  number  of 
high-grade  men,  members  of  the  faculty  or  permanent  staif.  are  devoting 
the  whole  or  a  large  share  of  their  time  to  the  advancement  of  medical 

;  in  the  fundamental  and  practical  fields.     This,  I  believe,  con- 
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stitutes  the  most  important  agency  in  the  development  of  the  Graduate 
School,  aince  it  supplies  the  inspiration,  encouraging  graduate  students 
to  do  scientific  medical  work.  If  the  members  of  the  staff  of  a  graduate 
school  are  doing  only  mediocre  routine  work,  the  graduate  student  is 
apt  to  do  only  mediocre  work.  If  they  are  doing  routine  work  of  a  high 
order,  the  student  will  do  routine  work  of  a  high  order.  If,  in  addition 
to  high-grade  routine  work,  they  are  doing  high-grade  investigative 
work,  fundamental  or  clinical,  the  graduate  student  is  almost  certain  to 
shape  his  ideals  and  his  work  in  accordance  with  their  inspiring  example. 


Personnel  of  the  Student  Body 
I.  Source  and  Number. — During  the  past  year  graduate  students  in 
medicine  have  been  received  from  the  following  medical  schools:  At- 
lanta College  of  Physicians  and  Surgeons,  Calcutta,  Colorado,  Columbia, 
Edinburgh,  George  Washington  University,  Harvard,  Jefferson,  Johns 
Hopkins,  Ludwig-Maxe  University  (Munich),  Marion  Sims,  Marquette, 
Maiyland,  Michigan,  Minnesota,  Nashville  University,  Nebraska, 
Northwestern,  Pennsylvania,  Rush,  St.  Louis,  Toronto,  Tulane,  Vander- 
bilt,  Virginia  Medical  College,  and  Virginia  University. 

Enralment  in  medical  dppartmpnts — 118, 
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2.  Weak  Points  in  Preparation. — As  these  young  men  come  to  us, 
we  find  most  of  them  well  prepared  to  be  general  practitioners.  Thb 
preparation  has  teen  the  highest  aim  of  most  medical  schools,  and  is  that 
required  by  state  exa mining-boards.  The  graduates,  as  a  rule,  are  well 
grounded  in  the  fundamental  medical  sciences,  and  have  had  good  ele- 
mentary training  in  all  of  the  clinical  subjects.  The  most  frequent 
scholastic  defects  are  lack  of  general  information,  poor  training  in  the 
use  of  the  English  language,  little  efficiency  in  the  use  of  a  library,  no 
great  ability  in  attacking  intensively  problems  of  research,  lack  of  well- 
organized  procedure  in  history-taking,  and  little  conception  of  means  of 
correlating  their  clinical  observations  with  those  of  others. 

3,  Object  in  Doing  Graduate  Work.- — Their  objects  at  entrance  are 
indicated  by  the  facts  that  of  the  118  graduate  students,  28  are  taking 
work  in  some  of  the  fundamental  departments  for  their  majors,  while  90 
are  taking  work  in  the  clinical  departments  for  their  majors.  In  the 
fundamental  departments  there  are  9  in  anatomy,  3  in  physiology,  -4  in 
pathology,  and  12  in  bacteriology.  In  the  clinical  departments,  61  are 
in  surgery,  13  in  medicine,  7  in  ophthalmology  and  otolaryngology,  5  in 
pediatrics,  3  in  nervous  and  mental  diseases,  and  2  in  obstetrics  and 
gynecology.  These  enrolments  indicate  the  primary  incentives  pf  the 
students  in  taking  graduate  work.  Some  of  the  students  are  only  pre- 
paring themselves  to  earn  a  better  living.  A  fair  percentage  of  them 
add  to  this  motive  the  desire  to  acquire  special  knowledge  in  their  chosen 
fields  for  the  sake  of  the  patient.  A  few  are  actuated  mainly  by  the 
latter  motive.  It  is  noteworthy  that  many  who  begin  graduate  work 
with  .DO  other  apparent  desire  than  that  of  increasing  their  earning  ca- 
pacity by  becoming  good  mechanics  in  some  branch  of  medicine  are  later 
inspired  to  take  up  some  fundamental  or  clinical  problem  and  pursue  it 
with  real  zest.  Not  infrequently  men  ask  to  be  left  a  longer  period  on 
some  service  which  gives  them  a  better  opportunity  for  investigative 
work,  or  to  be  directly  transferred  to  such  a  service.  Problems  in  sui^ry 
and  in  clinical  medicine,  especially  in  the  fields  of  metabolism,  cardio- 
vascular disease,  etc..  have  engaged  the  attention  of  a  number  <rf  our 
best  young  men.  The  departments  of  physiologic  chemistry,  bacteriol- 
ogy>  pathology,  and  anatomy  also  contain  a  small  number  of  enthusiastic 
students.  While  se^-eral  men  have  changed  their  majors  from  surgeiy 
to  medicine,  only  one  so  far  has  changed  his  major  from  medicine  to 
surgery;   and  that  was  done  on  the  advice  of  his  instructors  when  the 
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student  revealed  a  phenomenal  knowledge  of  anatomy  and  an  aptitude 
for  minute  dissections. 

University  Ideals 

In  a  democratic  university  owned  by  the  people  and  managed  to 
serve  the  people,  all  forms  of  physical  and  mental  training  may  be  proper. 
Even  the  purely  trade  school  now  has  its  recognized  place  in  university 
training.  So,  in  medical  training,  technicians,  general  practitioners,  and 
specialists  in  the  various  practical  and  fundamental  branches  miiy  all 
properly  be  trained  by  the  university.  The  girl  who  wishes  to  remain  a 
mere  technician,  a  preparer  of  microscopic  sections,  for  example,  may  be 
given  an  equal  opportunity  with  the  man  who  wishes  to  spend  his  life  in 
surgery.  The  country  practitioner  who  wishes  to  brush  up  for  three 
weeks  on  any  medical  subject  or  subjects  may,  quite  as  properly,  be 
given  an  equal  opportunity  with  the  man  who  wishes  to  spend  three 
years  in  investigating  beriberi.  On  broad  grounds  there  can  be  no  ob- 
jection to  any  or  all  of  these  subjects  receiving  their  due  share  of  atten- 
tion. But,  while  admitting  all  this  to  be  true,  we  must  not  lose  sight 
of  the  fact  that  the  university  has  also  an  important  duty  to  perform  in 
determining  an  individual's  fitness  for  beginning  a  certain  piece  of  work 
and  in  setting  standards  by  which  the  work  shall  be  measured  if  it  is  to 
receive  any  stamp  of  approval  from  the  university.  In  other  words,  the 
university,  besides  furnishing  opportunity  for  study,  must  standardize 
its  output.  And  it  is  equally  true  that  in  graduate  work  in  medicine 
the  unprepared  student  who  takes  a  short  course  in  a  purely  technical 
subject,  the  graduate  student  who  takes,  however  long,  a  course  which 
develops  his  efficiently  only,  and  the  graduate  student  with  a  well-trained 
mind  who  spends  years  in  advancing  the  science,  as  well  as  the  art,  of  a 
specialty,  should  not  be  measured  by  the  same  standard  nor  stamped  with 
the  same  label  at  graduation. 

For  years  more  or  less  well-organized  formal  instruction  to  graduates 
in  medicine  has  been  given  by  many  schools  in  the  United  States  as  well 
as  abroad.  The  difference  between  such  work  and  that  which  the  Uni- 
versity of  Minnesota  is  now  doing  is  that  too  frequently  the  former  was 
a  "stuffing"  process  for  financial  gain,  while  the  latter  is  an  attempt  to 
furnish  gratis  the  organized  facilities  by  which  the  student  may  work 
out  his  own  salvation.  These  graduate  students  of  medicine  are  making 
a  prolonged  and  serious  effort  to  increase  their  efficiency  and  to  add  to 
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scientific  knowledge  in  certain  fairly  limited  fields.    The  University  of 
Minnesota  provides  the  facilities  and  measures  their  achievements. 

In  starting  on  this  work,  the  University  of  Minnesota  felt  that  its 
safest  course  was  to  proceed  from  the  customs  which  had  hitherto  ob- 
tained in  graduate  work  in  non-medical  subjects  in  universities  generally. 
It  realizes,  however,  that  the  rules  which  govern  the  standardization  of 
graduate  work  in  literary  subjects  do  not  cover  satisfactorily  the  variety 
of  opportunities  asked  for  by  many  e^'nest  and  honest  graduate  students 
in  medicine.  The  problem  of  the  readjustment  of  these  rules  is  one 
which  no  university  can  settle  for  itself.  There  must  be  uniformity  of 
standards  among  the  universities  providing  graduate  training  and  grant- 
ing graduate  degrees  in  medicine  in  the  United  States.  Such  uniformity 
was  contemplated  by  the  Association  of  American  Universities  at  its 
meeting  last  winter  when  it  requested  the  Educational  Council  of  the 
American  Medical  Association  to  appoint  a  committee,  of  which  a  ma- 
jority of  the  members  were  present,  to  confer  with  them  concerning 
graduate  degrees  in  medicine.  However,  until  the  universities  do  take 
uniform  action,  there  seems  to  be  no  safety  in  any  course  other  than  that 
of  granting  certificates  of  attendance  except  for  such  work  as  adheres 
to  the  rules  already  obtaining  in  the  granting  of  the  Master's  and 
Doctor's  degrees  in  non-medical  sciences. 
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My  official  position  of  buffer  between  contributors  to  and  editors  of 
medical  journals  does  not  lend  itself  readily  to  an  unrestrained  discus- 
sion of  this  topic.  If  it  were  not  that  the  medical  editor  is  so  often  the 
medical  publisher  as  well,  I  should  find  myself  always  in  sympathy  with 
the  editor.  The  editor,  confronted  with  many  and  varied  manuscripts, 
with  very  little  time  in  which  to  reduce  them  to  law  and  order,  unfortu- 
nately is  often  misinterpreted  in  his  efforts  to  secure  the  best  results 
with  the  least  possible  friction  and  delay.  The  contributor  is  very  apt 
not  to  appreciate  the  reasons  for  the  revision.  Indeed,  the  opinion  seems 
universal  among  writers  that  many  of  the  rules  and  regulations  regarding 
the  editing  and  publbhing  of  papers  are  both  perplexing  and  inconsistent. 
It  would  seem  that  editors  and  publishers  are  not  generally  aware  that 
many  of  their  contributors  would  gladly  co6perate  with  them  in  bringing 
about  some  form  of  standardization  which  would  cover  at  least  a  few 
general  rules  and  permanently  settle  various  unimportant  though  harass- 
ing details  in  relation  to  so-called  printer's  style. 

Assuming  that  the  writer  is  capable  of  grouping  his  ideas  clearly  and 
logically  into  sentences  and  paragraphs,  and  that  he  has  in  mind  a  defin- 
ite plan  for  the  construction  of  his  paper  in  keeping  with  the  material  in 
hand,  there  is,  nevertheless,  a  chance  that  his  plan  will  not  meet  the  re- 
quirements of  the  journal  to  which  his  article  is  sent.  If  the  article  is 
accepted  for  publication,  the  shock  to  the  writer  in  finding  how  far  his 
ideals  differ  from  those  of  the  editor  does  not  come  until  the  proof  is  re- 
ceived. He  may  then  find  a  changed  title,  inserted  or  revised  headings, 
transposed  paragraphs,  tabulated  statistical  data  pulled  down  and  put 
into  the  text,  or  vice  versa,  and  innumerable  minor  corrections.  If  the 
contributor  is  good  natured  and  is  conscientiously  trying  to  improve  his 
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writings,  he  accepts  these  arbitrary  changes  with  more  or  less  gratitude, 
and  determines  to  profit  by  them  in  the  preparation  of  papers  in  the 
future.  The  obvious  happens;  his  next  manuscript  comes  back  in  the 
form  of  galley-proof  from  some  other  representative  journal  in  still  an- 
other puzzling  transformation;  and  he  may  repeat  this  experience  with 
each  of  the  "57  varieties"  of  medical  journals,  the  editors  of  which  all 
claim  individual  rights  in  the  matter  of  style. 

In  order  to  prevent  these  constant  misunderstandings  it  should  be 
possible,  by  joint  conference  between  representative  contributors,  editors, 
and  publishers,  to  adopt  certain  general  rules.  The  following  are  sug- 
gested as  examples  of  such  rules  as  might  be  considered  and  adopted: 

1.  Titles  should  indicate  clearly  to  the  reader  and  bibliographer  the 
matter  within.  Much  valuable  material  is  lost  to  investigators  because 
the  titles  used  are  nothing  but  vague  generalities,  and,  therefore,  can 
find  no  proper  place  in  the  current  indexes. 

i.  Bibliographies  should  give  each  author's  name  and  initials,  the 
title  of  the  article,  the  name  of  the  periodical  in  which  it  appeared,  the 
year  of  publication,  the  volume  number,  and  the  inclusive  paging.  Par- 
ticular emphasis  should  be  placed  on  the  inclusive  paging,  as  it  is  a 
matter  of  considerable  importance  to  the  reviewer  to  know  the  length  of 
an  article.  In  this  connection  it  might  be  suggested  also  that,  when 
only  an  abstract  has  been  read,  the  writer,  in  referring  to  it,  should,  in 
all  fairness,  make  reference  to  the  abstract  rather  than  to  the  original 
article  from  which  entirely  different  conclusions  might  have  been  drawn. 

3.  Uniform  rules  should  be  made  for  main  headings,  suhheads,  ab- 
breviations, numerals,  etc.  One  able  editor  writes  "Ij^  inches"  in 
figures,  another  insists  on  spelling  it  out,  and  a  third,  equally  eminent, 
compromises  by  using  both  forms  in  the  same  sentence. 

4.  Foreign  words  and  phrases  should  be  abandoned  when  the  Eng- 
lish substitute  will  serve  the  purpose  as  well  or  better,  and  Latin  and 
Greek  plurals  and  diphthongs  should  be  discarded. 

5.  Italics  for  emphasis  should  be  excluded,  and  their  use  for  such 
foreign  words  as  may  not  be  discarded  should  be  minimized.  Italics  in 
English  and  their  substitute,  the  wide  spacing  of  the  letters  of  a  word,  so 
common  in  German  literature,  equally  insult  the  intelligence  of  the 
reader. 

6.  A  standard  size,  or,  at  most,  two  standard  sises,  of  page  forms  for 
medical  journals  should  be  adopted.  Contributors  like  to  know  how 
many  pages  their  manuscripts  will  make.     They  would  like  also  to  be 
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able  to  arrange  their  own  tabulations,  charts,  etc.,  before  sending  them 
in  for  publication.  All  drawings  and  photographs  could  be  made  to 
correspond  to  one  or  the  other  of  the  two  sizes,  and  would  not  lose  value 
in  the  reductions  sometimes  necessary  in  order  to  accommodate  them 
to  the  page. 

Why  would  it  not  be  possible  to  give  the  writer  an  idea  of  the  ap- 
proximate date  on  which  his  article  will  be  published?  The  indefinite 
postponement  of  the  publication  of  his  paper  for  months  after  it  has  been 
submitted  constitutes  the  chief  grievance  of  the  contributor  against 
the  editor  and  publisher;  and  it  is  a  real  grievance  in  these  days  when 
priority  of  publication  is  accepted  witness  to  the  priority  of  research 
results.  To  affix  the  date  on  which  the  article  was  submitted  for  pub- 
lication is  not  adequate  compensation. 

In  this  age  of  standardization  it  would'seem  that  the  Medical  Editors' 
Association  might  adopt  some  standard  of  medical  publication.  As  ex- 
ample of  what  may  be  done  in  even  a  short  time,  we  have  the  recent 
work  of  the  committee  on  standardization  of  drugs,  reagents,  instru- 
ments, and  apparatus  of  the  Medical  Section  of  the  Council  on  National 
Defense.  It  would  be  interesting  to  know  just  how  far  this  revision  was 
stimulated  by  enforced  attention  to  the  ponderous  and  impractical 
supply  lists  made  many  years  ago.  but  now  quite  obsolete.  It  is  to  their 
credit  that  this  committee  apparently  did  not  attempt  to  choose  from 
the  old  lists  in  making  the  new  ones.  Thejf  reverently  shelved  them, 
and  substituted  a  list  much  shorter  and  better  suited  to  present-day 
purposes.  In  a  similar  manner  differences  of  opinion  regarding  rules  for 
publication  might  be  settled  by  a  committee  of  contributors,  editors, 
and  publishers  of  medical  literature.  If  such  a  committee  could  view 
the  many  differences,  variations  in  style,  etc.,  in  their  conglomerate 
mass,  it  is  more  than  probable  that  they,  too,  would  be  willing  to  cast 
them  all  aside  and  begin  anew. 

Another  important  and  disputed  question  concerns  the  extent  of  the 
editing  of  the  individual  contribution.  We  all  know  that,  having 
grasped  the  plot  in  a  badly  worded  manuscript,  it  is  much  simpler  to 
rewrite  it  according  to  our  own  version  and  conceptions  than  it  is  to  put 
these  in  the  background  and  laboriously  follow  the  argument  in  its 
original  form,  keeping  in  mind  the  writer's  point  of  view  and  preserving 
his  legitimate  right  to  tell  his  own  story  in  his  own  way.  Here  the 
editor's  zeal  for  brevity  is  apt  to  intrude.  The  relation  of  brevity  to 
literary  style  in  medical  literature  is  worthy  of  consideration.     It  is  un- 
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questionably  true  that  good  Uteraiy  style  in  American  medical  literature 
is  rare.  There  is,  indeed,  a  marked  difference  in  this  respect  between  the 
medical  papers  written  here  and  those  written  and  published  in  some 
other  countries,  for  example,  England  and  Prance.  I  hasten  to  antici- 
pate the  argument  which  I,  myself,  have  used  many  times,  that  American 
physicians  are  a  practical,  busy,  ambitious,  crowding,  and  hurrying  folk 
who  think  it  is  absolutely  imperative,  in  order  to  satisfy  a  clamoring 
public  and  to  advance  their  own  particular  ends,  to  announce  their  views 
and  their  wares  without  delay.  Nor  is  the  fault  entirely  with  the  writer. 
The  editor  of  the  progressive  medical-  journal  also  feels  the  necessity  of 
supplying  his  progressive  subscribers  with  the  latest  thought  of  as  many 
medical  writers  as  possible.  Again  the  result  is  obvious;  manuscript 
is  returned  to  the  writer  with  the  request  that  it  be  reduced  to  the  small- 
est possible  space  in  order  to  make  room  for  other  papers.  The  editor 
may  even  suggest  the  manner  of  reducing  it,  or,  if  he  has  the  courage  of 
his  convictions,  he  may  delete  and  transpose  it  to  his  own  satisfaction 
and  to  the  bewilderment  of  the  writer. 

It  would  be  difficult  to  draw  the  line  between  the  contributor's,  the 
editor's,  and  the  publisher's  responsibility  for  the  present  unliterary 
quality  of  American  medical  literature,  but  one  point  must  be  particu- 
larly clear  to  all — that  some  reform  should  be  instituted:  some  definite 
procedure  which  will  enable  the  writer,  the  editor,  and  the  publisher  to 
work  together  for  results  jpiore  in  keeping  as  to  dignity  and  scientific 
worth  with  the  ability  and  the  independence  of  men  in  the  Americim 
medical  profession.  It  would  be  well  if  medical  legislation  could  go  fur- 
ther and  limit  and  classify  medical  journals.  This  would  enable  the 
writer  to  determine  for  himself  the  best  medium  of  pubhcation  for  bis 
article.  In  addition  to  the  fact  that  many  of  the  journals  now  in  exis- 
tence are  a  discredit  to  the  profession,  there  is  also  the  tragedy  that 
their  doubtfully  valuable  contents  are  included  in  our  already  over- 
crowded indexes. 

With  regard  to  the  subject-matter  of  medical  articles:  It  does  not 
seem  possible  that  editors  of  medical  journals  should  6nd  it  necessary  to 
go  on  indefinitely  publishing  so  much  material  that  is  of  little  or  no  value. 
To  the  casual  observer  there  seems  to  be  no  adequate  reason  for  the  edi- 
torial failure  to  discriminate  between  the  excellent  and  the  unworthy. 
Impromptu  talks  to  popular  or  semi-scientific  societies  by  celebrities, 
who,  importuned  to  speak  witliout  preparation,  often  restate  age-old 
ideas  or  improbable  hypotheses,  should  not  be  sought  for  publication  by 
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editors  and  publishers.  Oq  the  other  hand,  the  details  of  original  in- 
vestigation should  be  asked  for,  and  should  not  be  so  curtailed  or  mu- 
tilated in  publication  as  to  make  it  impossible  to  determine  the  worth  of 
the  material.  In  this  respect  the  custom  of  German  editors  might  be 
more  nearly  approached.  Material  of  such  character  could  be  published 
serially,  instead  of  in  a  number  of  disconnected  articles  in  which,  though 
.the  record  of  the  investigation  may  be  unbroken,  the  whole  problem  is 
not  apparent  to  the  reader.  Thus  when  the  ideal  in  the  publication  of 
medical  literature  shall  be  attained,  the  investigator  will  not  be  obliged 
to  wade  through  pages  of  words  in  order  to  find  one,  or  not  even  one,  small 
item  of  useful  knowledge,  nor  be  annoyed  by  the  curtailment  of  really 
valuable  studies  that  should  be  published  in  detail. 

Still  moving  toward  the  perfect  in  medical  literature,  would  it  not  be 
practical  to  publish  in  each  issue  of  a  medical  journal  short  biographies, 
a  "Who's  Who,"  of  the  contributors  to  that  issue,  as  is  done  by  the 
AilatUic  Monthly  and  many  other  good  literary  magazines?  These 
biographies  should  contain  the  author's  full  name  and  address,  his  de- 
grees, medical  positions,  specialty,  etc.  The  reader  would  appreciate 
this,  since,  at  a  glance,  he  might  be  able  to  identify  the  particular  "Wil- 
liam Jones"  writing  on  appendicitis,  and,  possibly,  to  evaluate  the 
article  without  reading  it. 

Finally,  I  would  recommend  that  the  American  Medical  Editors' 
Association  take  the  initiative  in  bringing  about  the  appointment  of  a 
committee  of  representative  contributors,  editors,  and  publishers  whose 
duty  it  shall  be  to  further  the  cause  of  medical  education  by  standardiz- 
ing medical  literature  and  medical  publications,  by  discouraging  the 
circulation  of  low-grade  journals,  or,  if  possible,  suppressing  them,  and 
by  the  adoption  of  universal  rules  which  will  bring  about  a  more  intimate 
association  between  contributors  and  editors. 
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differential  diagnosis,  081 
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ment of  prostate  cases,  i6t 
Dental  abscesses,  duodenal  contentsin. 460 
Diabetes  and  practitioner,  349-345 
faulty  treatment  of,  due  to  lack  of  co- 
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of  Waldeyer,  79 
origin.  80 
superior,  74,  77 
paraduodeno-jejunal.  78 
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Fulguration  in  treatment  of  bladder  tumors. 
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post-operative  care,  H 
time  [or  closing,  4 
types,  3 
Head,  633 
Heart.  403 
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treatment.  71« 
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c,  Google 


INDEX   OF  SUBJECTS 


Intestine,  large.  diverticuUtis  o(.  til.     See 

also  Dirtrliculilu  of  large  iolftline. 
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syringe,  techmc.  630-633 
t^chnic.  611 
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■hock  in,  il» 
sj^mptoms,  880 
treatment,  888 
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treatment.  80 
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method  of  application,  517 
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miliary  type,  880 
mixed  type,  681 
roentgen  examination,  678 
roentgenologic  diagnosis  of,  677 
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after-treatment,  696 
technic,  693 
syphilis  ot.  68S 
Lymphedema,  Handley  operation  (or.  741 
Lymphosarcoma  of  lung,  roentgenogram  in. 
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Milk,  epidemic  ot  septic  sore  throat  due  to.  U 
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gnuiulonu,  clinieo-pathologic  study,  563 

Nei^lasms  of  skin,  5TA.    i>ee  also  Ep^he- 

Neosslvarsan  in  provocative  WsssermaDD 
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cystosoopic  inspection,  168 
ditfereatial  functionsl  test  in.  163 
estimation  of  renal  function  in,  162 
general  statistics.  100 
indicatioDs  for  operation.  161 
locsliiation  of  pftin  in,  161 
location  of  itoDcs  in,  161 
nephrectomy  in,  167 
patients  not  operated  on,  164 

operated  on,  167 
post-operative  results,  167 
radiographic  data,  162 
stone-forrning  kidneys,  166 
subsequent  examination,  167 
Nerves,  recurrent  lar)rngeal,  effect  of  dissec- 
tion ot.  7S3,  759 
of  pinching  of,  754,  759 
of  section  of,  7S5,  758 
of  trauma  of,  753,  754 
ligation  of,  sutures  used,  754.  75S 
stretching  of,  methods,  735.  759 
Non-plgmcnted  melano-epitheliotna,  577 


Omentoh,  use  of.  and  enterostomy  in  pre- 
vention and  healing  of  fistula.  86 

Operative  risk  in  cardiac  disease.  426-433 

Organ  transplantation,  whole,  studies  in, 
200 

Osteochondromatosb  of  knee-joint,  720 
etiology.  793 

Ovarian  tumor  complicating  intre-uterine 
pregnancy,  296 


Ovary,  internal  secretion  ot,  SO* 
of  ^lermophile,  abstracts  of  studies  o 


for  myonias  of 


saving  of,  in  <q>eratioi 
uterus,  304 
O\oc}-te,  807.  S16 

Pacehaker.  function  of.  434 
Palate,  cleft.  3 

operation  for,  5 
technic,  10 

post-operative  care,  12 

time  for  closing.  5 

tj-pes,  3 
Pancreatic  secretion,  action  ot  adrenalin  in 

inhibiting  lloir  of.  346 
Paraduodeiut  folds,  74 

origin,  80 

inferior,  ot  Tmti.  78.  77 
of  Landiert  73,  77,  78 
of  Waldeyer,  79 
origin,  60 
superior,  74, 77 
hernia,  left,  description  of  case,  73,  81 
Paraduodenojejunal  fossa,  78 
Paralyus,  infantile,  and  tuberculous  arlhri- 
tk  al  hip-joint,  differentiation.  712 
arthrodesis  in.  663 
social    status    determining    advisa- 
bility, B64-066 
astragalectomy  in,  A^^litman  type,  862 
braces  in,  657.  658 
electricity  in,  657 

epidemic,  results  of  studies  on.  652 
treatment  ot,  vHh    immune   horse 

experimental,  protection  ot  monkeys 
against,  with  immune  horse  serum, 
642.644 

Gallie  method  of  tendon  transplanta- 
tion, 662 


pleomorphic  streptococcus  from,  inocu- 
lations of  horses  with,  for  production 
of  antipuliomyelitis  serum,  635 
silk  ligaments  in,  660,  662 
surgical  treatment,  657 
tendon  transplantation  in,  660-662 
Paroxysmal     tachycardia    ot    ventricular 
origin,  434, 444 
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K*athology  of  prostate,  principles  of,  866 
Pelvic    tumor   complicating    intra-uterine 

pregnancy,  29S 
I'eptic  ulcer  and  gall-stones  in  upper  ab- 
dominal diagnosis,  35 
Pernicious  anemia  and  hemolytic  jaundice, 
differentiation,  513 
coagulation  in  blood  in,  455 
duodenal  contents  in.  47J-476,  477 
splenectomy  in,  S66.  392,  393 
blood  transtusion  before,  SOT.  393 
Perthe's  disease  and  tuberculous  arthritis 

of  hip-joint,  differentiation,  Tli 
Phenolsulphonephthalein   test   tor  estima- 
tion of  renal  function  in  bilHterai  nephro- 
lithiasis, 162 
Phlebitis,  immunity  to,  mixed  colon  bacillus 

%-aecine  in,  331,  iSi 
Plaster-ot-Paris  abduction  splint.  061,  TOO 
Platelet,  blood-,  enumeration  of,  method  of 
Wright  and  Kinnicutt.  455 
in  jaundice,  453 

presence  of.  in  hemorrhagic  purpura, 4oI 
Pleomorphic  streptococcus  from  poli<)- 
myeiitis.  inoculations  of  horses  with,  for 
production  ot  antipoliomyelitis  serum. 
635 
Pleuritis,   simple   chronic,    roentgenogram 

in,  683 
Pneumokoniosis.  roentgenogram  in.  683 
Pneumonia,  lobar,  and  carcinoma,  differen- 
tiation, 681 
Poliomyelitis,  acute  anterior.    See  Paraly- 

Mis,  infantile. 
Polycythemia,  duodenal  contents  in,  46T 
Post-operative  surgical  shock,  pulmonaiy 

fat  embolism  a  frequent  cause  of.  534 
Pott's  disease  and  tubereulous  arthritis  ot 

hip-joint,  differentiation,  712 
Practitioner  and  diabetes,  34S-345 
Precancer.  124 

Pregnancy,  intra-uterine,  appendicitis  com- 
plicating. 294 
gall-bladder  trouble  complicating,  S05 
ovarian  tumor  complicating.  296 
pelvic  tumor  complicating.  293 
surgical  conditions  complicating,  293- 
29T 
Prostate  cases,  bacterial  \ 
in.  229 
infection  in,  235-244 


e  therapy 


Prostate  cases,  infection 
ing,  240-244 
in  kidney.  236 
Bacillus  coli  vat 
bacteriologic 


by  blood-stream.  «3T 

by  b^nphatics.  837 

by  urinary  passages.  2ST 

effect  of  infection  on  fuDCtion  of, 

reaction  during  pre-operalive  treat- 
enlargement  of,  causes  of.  incontinence 

in,  246,  247 
pathology  of,  268 
antagonistic  conditions  which  involve. 
266 
reactions  of.  267 
cells  which  form,  268 
hypertrophy  in.  2T1 
malignancy  in,  *T1 

terminology'  tor  expressing  reactions, 
288,  271,  272 
surgical  treatment  of,  254 
anesthe^a  in,  261 

colon  vaccine  in  pre-operative  treat- 
ment. 936 
Dakin's   solution    in  post-operative 

treatment,  282 
inaccuracy  of  technic  in.  262 
infection  in.  importance  of  aviMdiog. 
255 
nature  and  origin  ot,  258 
methods  ot  operating.  255 
pre-operative  preparation.  25T 
Prostatectomy,  advisability  of.   in  incon- 
tinence. 846 
in  presence  of  cord  lesion,  245 
decision  tor,  846 
bacterial  vaccine  therapy  in.  to  reduce 

genilo-urinary  infection.  889-234 
in  cases  of  cord  lesions,  cystoscopic  ex- 
amination for,  advisability  of.  84T 
in  presence  of  cord  le»on.  cases  itlustmt- 
ing.  250-253 
Protextoblasts,  816 
Prothrombin,  44T 
tests  in  blood  coagulation,  technic,  4S3 
in  hemophilia,  448 
Protozoa,  relation  of  spleen  to,  SOt 
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Pn)vo<«tive   Wassennann   test   in   clinical 

diagnosis  of  syphilis,  591 
Pseudoleukemia,  aplenectomy  in,  378 
Pseud oteitocy lea,  fll6 
Pulmonary  abscess  with  encysted  empyema 
and  carcinoma,  differentiation,  681 
embolism,  Si6 

cause  ot  death  in,  520 
deaths  from,  groups  of,  596 
emboli  for  experiments  in,  587 
experimental,  with  dogs,  530-53S 
results  of  experiments,  5«7-530 
fat  embolism,  a  frequent  cause  of  post- 

operati\'e  surgical  shock,  534 
tuberculusis,  roentgenogram  in,  683 
Punch   operation  of  Young  for  removing 

median  bars,  248 
Purpura,  hemorrhagic,  coagulation  in  blood 

in,  451 
Pyelography  in  diagno^s,  dangers  of,  147, 
150 


Radii'M  as  aid  to  post-operative  and  pre- 
operative treatment,  158 
in  treatment  of  angioma.  7SI 
cases  illustrating.  76S 
large  cavernous,  761,  76i 
superficial,  761 
of  bladder  tumors.  15T 
ot  myomas  ot  uterus,  301 
of  splenomedullary  leukemia,  394 
obsenations  on  treatment  df  myelocytic 

leukemia,  516 
treatment,  elTect  of,  on  blood  cholesterol 
in  malignant  disease,  49B,  490 
Ravaut   method   of  intravenous  injection 

of  neosalvarsan,  611 
Rectosigmoid,  a  study  of.  1S5 
anatomy  of.  136.  138 
features  ot  identiticBtion,  138.  139 
function.  135,  141 
Hirschsprung's  disease  of.  140 
infections  ot.  14i 
location,  135 

muscular  control,  140,  141 
nerves  controlling,  139 
sphincter  of,  136,  137.  138 
Rectum,  136 


Rectum,  ampulla  ot,  136 
anatomy  ot,  136 
and   sigmoid,   points   in   differentiation, 

138,  139 
location,  135 
Recurrent  dislocation  of  shoulder,  700 
Regeneration,  tissue,  807-811,  816,  817 
Renal  irritation  from  mercurial  inunctions 

in  syphilis,  6^9 
Resection  of  lobes  of  lung,  698 
Respiratory  difficulty  in  tumors  of  larynx, 

16 
Restauro-cytoplasia.  815,  816 
Restoration  of  gastro-intestinal  continuity 
by  means  of  antecolic  gas- 
Iroiejunostomj,  66         • 
advantages,  71 
tdlowing  partial  gastrectomy 
tor  cancer  of  pyloric  end  of 
stomv^h,  66 
metltods  tor,  66,  67 


technii 


67 


Ribierre  te^t  in  hemolytic  jaundice,  505, 

5ie 

Roentgen  diagnosis  ot  concurrent  gastric 

and  duodenal  ulcer,  44 

rays  in  diagnosis  of  cancer  ot  stomach,  58 

of  chronic  ulcerative  colitis,  05,  100 

ID  treatment  of  myomas  ot  uterus.  301 

of  splenomedullary  leukemia.  304 
in  upper  abdominal  diagnosis.  48 
Roentgenologic  diagnosis  ot  primary  car- 
cinoma of  lung,  677 
findings  in  chronic  ulcerative  colitis,  05 
Rubber  gloves,  sterililation  of,  for  intra- 
venous injection  ot  salvarsan.  Oil 
Rupture  ot  kidney,   818,   819.     See  also 
Kidney,  rupture  of. 


MLVARSAK  and  mercury,  combined  treat- 
ment ot  syphilis,  686 
in    provocative    Wassermann    test     tor 

syphilis,  591,  593,595 
in  sj-pbilis,  cases  in  which  not  indicated, 
088,689 
desage  scale,  688 

principles  in  employment  of.  6ft?,  688 
intiBvennus  injection  of,  cooperation  of 
patient,  618 
duties  of  nurse  in,  618 
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Salvarsnn.  intravenoua  injecUoo  of,  indica- 
tions (or  ailministration,  611 
lighting  of  opersting  room  in,  614 
local  anesthesia  in,  6ti 
needles  for,  a  18-fl30 
cleaning  of.  6i0 
gold,  61» 
steel,  6«0 
position  of  patient  [or,  61i 
pKparation  of  patient,  612 
rules  of  thumb,  6S3,  694 
Schreiber  technic.  e«i,  683 
syringe  technic,  6«0-6ie 
lechnic,  611 
to  small  childnn.  624 
tourniquet  in,  615 
veins  in,  616 
distention  of.  616 
puncture  of.  617 
^rrama  of  spleen,  splenectomj'  in,  380 
types  of,  379 
primary,  of  lung,  roentgenogram  in.  683 
Schneider's  method  of  estimating  urobilin 
and  urobilinogen  in  duodenal  con- 
tents, 389.  390 
of  examination  of  duodenal  contents, 
460,464 
Schreiber  needle,  680 

technic  for  intravenous  injection  of  sat- 
varsan,  623.  623 
Srlcrosia,  combined,  duodenal  contents  in. 

468 
Segmentation,  process  of,  806,  607 
Selection  of  donor  for  transfusion.  479-485 
Septic  sole  throat,  epidemic  of,  due  to  milk. 

Serum,   antipoliomyclitis,   in   horses,   pro- 
duction of,  635 
horse,    immune,   effect    of.    on    filtered 
virus.  641 
on  virus  in  vitro.  638,  63B.  640 
protection  of  monkeys  against  ex- 
perimental poliomyelitis  with.  648 
-644 
treatment  of  epidemic  poliomyelitis 
irith,  649 
Shock  during  general  anesthesia,  768 
cause.  768 
deep  anesthesia  and  inhibition  of 

respiration  as  factor,  774 
definition,  768 


Shock  during  general  anesthesia,  endocrine 
glands  in,  773 
ether  as  factw  in  production  of, 

778.  774 
experimental  production  of,  769 
in  decerebrated  animals,  771 
in  etherized  animals,  770 
hentorrbage  as  cause  of  symptoms 

of,  768,  77S 
physiologic  fatigue  as  cause,  771 
pulmonary  fat  embolism  in.  773 
relation  of  ner^-e  impulse  to,  771. 

778 
trauma  to  viscera  as  cause,  769 
in  rupture  of  kidney.  819 
Shoulder,  dislocation  of.  habitual.  700 
recurrent.  700 
arthrodesis  in,  705 
capsulorrhaphy  in,  705 

technic,  705,  706 
patholog}-,  703 
traumatic,  704 

Young's  operation  for,  705,  706 
Shouldw-joinl,  anatomy  of,  700.  70* 
Sigmoid,  resemblance  of,  to  lower  rectum. 
136 
terminal  constriction  of,  136,  138 
Sigmoidotomy,     transperitoneal,    for     re- 
moval   of    tumors    in    mucous 
membrane,  1S9 
lechnic,  138 
Single  and  supernumerary  ureters  opening 

eKtravesically,  808 
Skin,  161 

antenatal  development  of.  580 
embryologic  development  of,  579,  580 
epitheliomas  of,  passible  origin,  580,  581 
neoplasia  of.  origin.  581 
neoplasms  of.  571 
postnatal  development  of,  980 
stratum  genninativum  of,  580 
tumors  of.  575 
Spermatocyte,  816 

Spermophile.  corpus  luteum  of.  abstracts  of 
studies  on.  873 
ovary  of.  abstracts  of  studies  on,  873 
Spermophilus   citellus   tridecemlineatus. 

ovary  of,  abstracts  of  studies  on,  873 
Spina  Ufida  associated  with  hydrocephalus, 
668,  678 
operative  interfeience,  668,  678 
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Spina  biBda  assodated  nith  paralysis  of 
lower  extremitiw,  669 
operative  interference,  669 
classiGcation.  667 
operaUi-e  treatment.  667 

'    age  most  suitable  tor,  CTO,  671 
examination  bffore,  670 
in  adults.  071 
repair  uf  hernial  sac  after  puncture 

of  corpus  callosum.  074 
technic.  675 
Spirochetal  hibematioD  in  spleen,  365 
Spleen,  a  filtering  organ,  360 
abscess  of,  symptomatolog>'  o{,  37B 

treatment,  378 
acceasory.  ^lenectomy  in,  377,  378 
anemia  of.  38«-386 

of  children.  3S6 
nppeamnce  of,  twelve  hours  after  animal 

becomes  torpid,  3J4 
carcinoma  of.  splenectomy  in,  380 
chronic  malarial,  spleneetomy  in,  382 
cysts  of.  378 

classification  of,  379 
splenectomy  in.  370 
during  hibernation,  353-35H 
enlargement  of,  in  Gaucher's  disease.  378 
with  portal  cirrhosis  of  li\-er.   aplenei 
tomy  in,  373 
etiologic   factor  in   hemolytic  jaundici 


hil>emating.  maximum  state  of  conges- 
tion of,  334,  338 
phagocytic  endothelial  cells  in.  356,  338 
in  typhoid  fever,  305  - 
muscular  control  of.  360 
relation  ol.  to  bacteria,  364.  365 
to  blood.  361 

to  certain  obscure  clinical  phenomena, 
S59-373 


to  1il^ 


.363 


to  protozoa.  364.  365 
removal  of,  in  biliary  cirrliosLi,  371 

in  hemolytic  icterus.  370 

in  leukemia.  368.  369 

in  pernicious  anemia.  360 
transfusion  l>efore.  307 

in  splenic  anemia,  37l-,S7S 
r6le  of,  in  cirrhosis  of  liver,  390 

in  gastro-intestinal  hemorrhage.  301 
larroma  of.  splenectomy  in.  380 


Spleen,  sarcoma  of.  types.  379 

size  of.  in  values  of  urobilin  and  uro- 
bilinogen obtained  in  pernicious  ane- 
mia. 474 

surgery  of,  373 

syphilis  of,  and  hemolytic  jaundice,  dif- 
ferentiation. 318 

syphilitic,  splenectomy  in,  363.  381 

tuherculoas  of,  365,  380 
diagnosis,  380 
splenectomy  in.  3B0,  381     ' 
Splenectomy  and  splenotomy  in  treatment 
of  splenic  abscess,  378 

dassificatiou  of  diseases  and  conditions 
in  which  advocated.  376 

tor  hemolytic  jaunilice,  poat-opeiative 
course,  397.  308 

in  accessor]'  spleens,  377,  378 

in  biliary  cirrhosis,  371 

in  carcinoma  of  spleen,  360 

in  cases  of  unclassified  splenomegaly,  3B3 

in  chronic  malarial  splenomegaly,  38S 
splenomegalia,  373 

in  cirrhosis  of  lii'er,  390 

in  cysts  of  spleen,  379 

in  gastro-intestinal  hemorrhage,  391 

in  Gaucher's  disease.  39! 

in  hemolytic  icterus,  370.  387,  389,  390 

in  leukemia,  363,  369 

in  malposition.  376,  377 

in  pernicious  anemia,  398.  393 
blood  transfusion  before,  367 

in  portal  cirrhosis  of  liver  with  enlarged 
spleen,  373 

in  pseudoleukemia,  871 

in  sarcoma  of  spleen.  380 

in  splenic  anemia,  371-373,  386 

in  splenomedullary  leukemia,  393.  304 

in  syphilitic  spleen.  365 
splenomegaly,  381 

in  thrombophlebitis  of  splenic  and  portal 
veins.  391 

in  traumatism,  370,  377 

in  tuberculosis  ol  spleen,  380.  381 

teehnic  of,  395-307 

transfusion  of  blood  before,  in  pemiciojs 
anemia,  307 
Splenic  anemia,  description,  388 
duodenal  contents  in,  467,  469 
etidogy.  383,  384 
frequency  of,  383 
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DUB,  bemrdytii 
differentiation,  512 
hemoirbagra  from  stomach  in.  3Tl-3Ti 
of  children.  386 
splenectomy  in,  371-37S,  388 

operBti\'e  murt^lity,  S86 
aymptoma,  384 

thrombosis  of  splenic  van  in,  391 
Hodglun's  disease  and  hemolytic  jaun- 
dice. diSermtiation,  513 
Splenopiedullary  leukemia,  benzol  in.  394 
radium  in,  394 
splenectomy  in,  393,  394 
T -ray  in  treatment,  394 
Splenomegaly,   chronic  mslarisl     sptenec- 
tomy  in.  382 
septic,  duodenal  contents  in,  4GT 
splenectomy  in,  S8S 
coagulation  in  blood  in,  455 
in  hemolytic  jaundice,  501 
s.iphilittc,  splenectomy  in.  381 
thrombo^  of  splenic  vein  in,,391 

splenectomy  in.  391 
unclassified.  394 
splenectomy  in,  395 
Squamou»celt  ^ithelioma.  575,  576 
Sterilization  of  instruments  for  intravenous 

injection  of  saK'arsan,  611 
Stomach,  cancer  of.  50 
diagnosis,  oi 

roentgen  ray  in.  58 
operation  for,  53.  67 

lechnic,  67 
probable  causes,  50.  51 
hemorrhage  from,  bacteria  in,  57 

cases   with   no   surgical   lesions   in 

stomach.  50 
causes,  55 

ellecta  of  liver  and  ^leen  in,  56,  ST 
indications  for  surgical  treatment.  55 
portal  circulation  as  probable  cause, 

56 
surgical  aignificanee,  55 
resection  of,  methods.  66.  67 
uker   of.   duodmal   ulcer   and.   chnicat 
differentiation,  35 
roentgen  diagnosis,  44 
StomaUUs  and  gastro-intestinal  accidents 

in  mercurialiiation,  630 
Stone  in  kidney,  160-173.   See  also  Ntphro- 
lilhiatU. 


Stool,  I^mblia  intestinalis  in.  signiGcance, 

112 
Studies  in  transplantation  of  whole  organs, 

200 
Superior  paraduodenal  fossa,  74,  77 
Supernumerary  and  single  ureters  opening 

extravesically,  108 
Surgical    conditions    romplicating    intra- 
uterine pregnanej-,  W3-W7 

shock,    post-operative,    pulmonary    fat 
embolism  a  fraquent  cause,  534 

signiGcance  of  gastric  hemorrhage,  55 

treatment  of  prostate.  £54 
Sympathetic  ganglia,  cervical,  experimen- 
tal lesions  in,  in  relation  to  exophthalmic 

goiter.  337-311 
Syphilis,  clinjcal  diagnosis  of,  provocative 
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duodenal  contents  in 
intensive    combined    treatment    for,  as 
emergency  measure,  625 
conditionsin  which  best  applicable. 
626,  6t7 
mercurial   treatment   of,   dangers   in. 
620.630 
overtreatment  syndrome  in,  631 
luetin  reaction  in,  produced  by  agar,  582 
obscure,   value   of    therapeutic   teat    in 

diagnosis  of,  605 
obser\'ations  on  intenuve  combined  treat- 
ments of,  025 
of  lung.  682 

of  spleen  and   hemolytic   jaundice,  dif- 
ferentiation. SIS 
resistant  late  cases,  combined  course  of 

treatment  in.  631 
salvarsan  in.  cases  in  whieh   not  indi- 
cated. 628.  620 
dosage  scale.  628 

principles  in  employment  of.  627,  6J8 
treatment  of.  combined  mereurialization. 
626 
Syphilitic  spleen,  splenectomy  in,  365 

splenomegaly,  splenectomy  in,  381 
Syringomyelocele,  667 
associated  with  hydrocephalus,  609 
operative  treatment.  67S 
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Taohyc&rdU,    pitroiy.imal.   auritnikr,   snd 
auricular  flutter,  differentiation,  407 
veDtricular,  origin,  434 
ventricular,  caaea  illustrating,  443,  444 
digiUlis  in,  430,  443 
etperiinental.  439 
patbologic  ehaogea  in,  49fl 
symptomatology,  43S 


Talipes  equinovarus  paralyticus.  659 

Technic.  738 

Technical  rpfinemenLt  in  methods  of  intra- 
veniius  injection,  610 
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discus^on  of  stnictunU  formula  of,  Sit 
evidence  that  carbonyl  group  is  on  alpha 
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439.  443 
experimenta),  435 
paroxysmal,  nrigiu.  434 
pathologic  changes  in,  436 
symptomatology.  436 
Virchow's  classification  of  cartilaginous  tu- 
mors of  larynx.  14 
^'oca]  cords,  parslj'sis  of,  from  trauma  of 

recurrent  larj-ngeal  nerves,  T54,  T59 
\'iHCe.   loss  of,   from   injury   1 
laryngeal  nerves,  7S4 


paraduodenal  fossa  of,  79 
influence  on  medicine.  77S 
America  nism.  778 
educatioa,  785 
work  of  army  medical  officers,  786 

test  for  syphilis,  provocative, 
direct  examination  of,  597-590 
discussion  of  results,  604-606 
in  clinical  diagnosis,  591 
indications  for,  606 
negative.  601,  60« 
neosah-arsan  in,  591.  593 
positive,  509,  600 
salvarsan  in,  501,  503,  505 
tecbnic,  606 
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